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JJTLE: Materials and Methods for Analysis of ATP-binding Cassette 
Transporter Gene Expression 
FIELD OF THE INVENTION 

The invention relates to materials and methods for detection of ATP-binding 
cassette transporter gene expression. In particular, the invention relates to primers 
and the resulting PCR products for detection of ABC transporter gene expression, 
and the use of said materials and methods in assays and kits. 
BACKGROUND OF THE INVENTION 

ATP-binding cassette (ABC) transporters are one of the largest protein 
classes known to be involved in the trafficking of biological molecules across 
membranes. There are 48 different genes in humans, which code for ABC 
transporters. The ABC transporters are classified into families based on the 
sequence and organization of their ATP-binding domain. Currently, there are seven 
families, which are designated A through G. The families are further classified into 
subfamilies based on their gene and protein structure. 

All of the 48 human genes encoding the ABC transporters have been cloned 
and sequenced (www.ncbi.nlm nih gnv www.humanabc nrg^ Of these genes, 16 
have known function and at least 14 have been associated with a defined human 
20 disease. 

The functional ABC transporters typically contain two nucleotide-binding folds 
(NBF) and two transmembrane-spanning a-helices. ABC transporters bind to ATP 
and use the energy from the ATP hydrolysis to drive the transport of various 
molecules across cell membranes. These transporters are able to transport a variety 
25 of compounds across cell membranes against steep concentration gradients. The 
ABC transporters are involved in the transport of ions, amino acids, peptides, sugars, 
vitamins, steroid hormones, lipids, bile salts and toxic compounds across cell 
membranes. 

The ABC transporters have been shown to be involved in transporting drugs 
30 out of cells, especially anti-cancer drugs. For example ABC B1 (ADR1), ABC C1 
(MRP1), ABC C2 (MRP2), and ABC G2 (BCRP) have been characterized and tested 
for drug resistance. Genetic variations in the ABC transporters may modulate the 



phenotype in patients, and thus affect their predisposition to drug toxicity and 
response to drug treatment (Sparreboom et al., 2003). 

The presence of functional ABC transporters in cells may significantly 
influence the efficacy of drugs. Thus, ABC transporter gene expression experiments 
in specific cells can be used to tailor drug treatment protocols to specific cell types, 
tissues, diseases or cancers. For example, a biopsy of a tumor can be tested for the 
presence of specific ABC transporter gene expression, and the information can be 
used to choose the most effective drugs for the treatment of that cancer. In addition, 
the information on ABC transporter gene expression can be used in candidate 
population profiling, such as the pre-screening of patients for inclusion or exclusion 
from clinical trials. 

There is a need for screening of ABC transporter gene expression, which can 
be used, for example in drug screening analysis. 
SUMMARY OF THE INVENTION 

The present inventors have prepared primers pairs for the human ABC 
transporter genes. These primers were used to generate a nucleic acid molecule for 
the ABC transporter genes, said nucleic acid molecule comprising a sequence that 
specifically hybridizes to one of the ABC transporter genes. These nucleic acid 
molecules have been used in assays to screen for ABC transporter gene expression 
in test samples. 

Accordingly, the present invention includes one or more isolated and purified 
nucleic acid molecules, wherein each of the nucleic acid molecules comprises a 
sequence that specifically hybridizes to one ABC transporter gene. In an 
embodiment of the invention the one or more nucleic acid molecules comprise a 
portion of the 3' untranslated region of the ABC transporter gene. In a further 
embodiment of the present invention, there is provided a set of at least two nucleic 
acid molecules, at least 10 nucleic acid molecules, at least 20 nucleic acid 
molecules, at least 30 nucleic acid molecules or at least 48 nucleic acid molecules, 
wherein each of the nucleic acid molecules comprises a sequence that specifically 
hybridizes to one ABC transporter gene. In another embodiment of the present 
invention, the set of at least two nucleic acid molecules are attached to a substrate. 
The substrate may be, for example, a membrane, a glass support, a filter, a tissue 
culture dish, a polymeric material, a bead or a silica support. 



In an embodiment of the present invention, the one or more nucleic acid 
molecules comprise an isolated and purified nucleic acid sequence selected from 
those shown in Figures 1 to 47 and Sequence ID NOS: 1 to 47. In a further 
embodiment of the invention, the one or more nucleic acid molecules comprise an 
isolated and purified nucleic acid sequence selected from: 

(a) the nucleic acid sequences as shown in SEQ ID NOS: 1 to 47 and Figures 
1 to 47, wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologous to (a) or (b); or 

(d) a fragment of (a) to (c), which comprises a sequence that specifically 
hybridizes to one of the ABC transporter genes. 

In an embodiment of the present invention the one or more nucleic acid 
molecules are prepared from one or more primer pairs using any known amplification 
method, for example the polymerase chain reaction (PCR). Accordingly, the present 
invention includes one or more pairs of primers for preparing one or more nucleic 
acid molecules, wherein each of the nucleic acid molecules comprises a sequence 
that specifically hybridizes to one ABC transporter gene. In an embodiment of the 
present invention, the one or more pairs of primers used to generate such nucleic 
acid molecules comprise a nucleic acid sequence selected from those listed in Table 
1 or SEQ ID NOS: 48 to 141. In further embodiments of the invention, the primers 
comprise: 

(a) the nucleic acid sequences as shown in SEQ ID NOS: 48 to 141 and 
Table 1 , wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); or 

(c) nucleic acid sequences which are homologous to (a) or (b). 

In another embodiment of the invention, the primers comprise at least the 5 
nucleotides at the 3' end of the sequences as shown in Table 1 or SEQ ID NOS: 48 
to 141. 

In still further embodiments of the invention, the one or more primers pairs 
comprise a nucleic acid sequence selected from one or more of: 
(a) SEQ ID NO: 48 and SEQ ID NO: 49; 
SEQ ID NO: 50 and SEQ ID NO: 51; 
SEQ ID NO: 52 and SEQ ID NO: 53; 
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SEQ ID NO: 54 and SEQ ID NO: 55; 
SEQ ID NO: 56 and SEQ ID NO: 57; 
SEQ ID NO: 58 and SEQ ID NO: 59; 
SEQ ID NO: 60 and SEQ ID NO: 61; 
SEQ ID NO: 62 and SEQ ID NO: 63; 
SEQ ID NO: 64 and SEQ ID NO: 65; 
SEQ ID NO: 66 and SEQ ID NO: 67; 
SEQ ID NO: 68 and SEQ ID NO: 69; 
SEQ ID NO: 70 and SEQ ID NO: 71; 
SEQ ID NO: 72 and SEQ ID NO: 73; 
SEQ ID NO: 74 and SEQ ID NO: 75; 
SEQ ID NO: 76 and SEQ ID NO: 77; 
SEQ ID NO: 78 and SEQ ID NO: 79; 
SEQ ID NO: 80 and SEQ ID NO: 81; 
SEQ ID NO: 82 and SEQ ID NO: 83; 
SEQ ID NO: 84 and SEQ ID NO: 85; 
SEQ ID NO: 86 and SEQ ID NO: 87; 
SEQ ID NO: 88 and SEQ ID NO: 89; 
SEQ ID NO: 90 and SEQ ID NO: 91; 
SEQ ID NO: 92 and SEQ ID NO: 93; 
SEQ ID NO: 94 and SEQ ID NO: 95; 
SEQ ID NO: 96 and SEQ ID NO: 97; 
SEQ ID NO: 98 and SEQ ID NO: 99; 
SEQ ID NO: 100 and SEQ ID NO: 101 
SEQ ID NO: 102 and SEQ ID NO: 103; 
SEQ ID NO: 104 and SEQ ID NO: 105; 
SEQ ID NO: 106 and SEQ ID NO: 107; 
SEQ ID NO: 108 and SEQ ID NO: 109; 
SEQ ID NO: 110 and SEQ ID NO: 111; 
SEQ ID NO: 112 and SEQ ID NO: 113; 
SEQ ID NO: 114 and SEQ ID NO: 115; 
SEQ ID NO: 116 and SEQ ID NO: 117; 
SEQ ID NO: 118 and SEQ ID NO: 119; 
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SEQ ID NO: 120 and SEQ ID NO: 121; 
SEQ ID NO: 122 and SEQ ID NO: 123; 
SEQ ID NO: 124 and SEQ ID NO: 125; 
SEQ ID NO: 126 and SEQ ID NO: 127; 
SEQ ID NO: 128 and SEQ ID NO: 129; 
SEQ ID NO: 130 and SEQ ID NO: 131; 
SEQ ID NO: 132 and SEQ ID NO: 133; 
SEQ ID NO: 134 and SEQ ID NO: 135; 
SEQ ID NO: 136 and SEQ ID NO: 137; 
SEQ ID NO: 138 and SEQ ID NO: 139; and 
SEQ ID NO: 140 and SEQ ID NO: 141; 

(b) the nucleic acid sequences in (a) wherein T can also be U; 

(c) nucleic acid sequences complementary to (a) or (b); and 

(d) nucleic acid sequences which are homologous to (a), (b) or (c). 

The present invention also includes nucleic acid molecules prepared using 
PCR and one or more of the pairs of primers of the invention. 

Additionally, the invention provides methods for detecting ABC transporter 
gene expression in general. Accordingly, the present invention includes a method of 
detecting ABC transporter gene expression comprising: 

(a) providing one or more nucleic acid molecules comprising a sequence that 
specifically hybridizes to one ABC transporter gene; 

(b) providing a transcription indicator from a test sample; 

(c) allowing the transcription indicator to hybridize with said one or more 
nucleic acid molecules; and 

(d) detecting an amount of hybridization of said transcription indicator with 
said one or more nucleic acid sequences, 

wherein the amount of hybridization is indicative of ABC transporter gene 
expression. 

In another embodiment of the invention, an array, in particular a microarray is 
used to detect ABC transporter gene expression in a test sample. Therefore, the 
present invention also includes an array, in particular a microarray, comprising a 
substrate and one or more nucleic acid molecules comprising a sequence that 
specifically hybridizes to one ABC transporter gene, wherein said one or more 
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nucleic acid molecules are immobilized to said substrate. Additionally, the invention 
provides a method of detecting ABC transporter gene expression in a test sample 
using a DNA microarray. 

In yet another embodiment of the invention, there is provided a method for 
screening compounds for their effect on ABC transporter gene expression 
comprising: 

(a) exposing a test sample to the compound; 

(b) providing a transcription indicator from the test sample; 

(c) providing one or more nucleic acid sequences comprising a sequence that 
specifically hybridizes to one ABC transporter gene; 

(d) allowing said transcription indicator to hybridize with said one or more 
nucleic acid sequences; and 

(e) detecting an amount of hybridization of said transcription indicator with 
said one or more nucleic acid sequences, 

wherein the amount of hybridization is indicative of the degree of ABC transporter 
gene expression. 

In further embodiments, the methods of the invention further comprise (a) 
generating a set of expression data from the detection of the amount of hybridization; 
(b) storing the data in a database; and (c) performing comparative analysis on the 
set of expression data, thereby analyzing ABC transporter gene expression. The 
present invention also relates to a computer system comprising (a) a database 
containing information identifying the expression level of a set of genes comprising at 
least two ABC transporter genes; and (b) a user interface to view the information. 

The method for screening compounds for their effect on ABC transporter gene 
expression is useful for the design of a drugs or chemical therapy for the treatment of 
disease. In an embodiment, the hybridization assay is a DNA microarray. 

Other aspects of the present invention include kits for performing the methods 
of the invention as well as methods of conducting a target discovery business using 
the methods of the invention. 

Other features and advantages of the present invention will become apparent 
from the following detailed description. It should be understood, however, that the 
detailed description and the specific examples while indicating embodiments of the 
invention are given by way of illustration only, since various changes and 
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modifications within the spirit and scope of the invention will become apparent to 
those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The invention will now be described in relation to the drawings in which: 

Figure 1 shows a nucleic acid sequence that specifically hybridizes to ABCA1 and 
corresponds to SEQ ID NO: 1. 

Figure 2 shows a nucleic acid sequence that specifically hybridizes to ABCA2 and 
corresponds to SEQ ID NO: 2. 
10 Figure 3 shows a nucleic acid sequence that specifically hybridizes to ABCA3 and 
corresponds to SEQ ID NO: 3. 

Figure 4 shows a nucleic acid sequence that specifically hybridizes to ABCA4 and 
corresponds to SEQ ID NO: 4. 

Figure 5 shows a nucleic acid sequence that specifically hybridizes to ABCA5 and 
15 corresponds to SEQ ID NO: 5. 

Figure 6 shows a nucleic acid sequence that specifically hybridizes to ABCA6 and 
corresponds to SEQ ID NO: 6. 

Figure 7 shows a nucleic acid sequence that specifically hybridizes to ABCA7 and 
corresponds to SEQ ID NO: 7. 
20 Figure 8 shows a nucleic acid sequence that specifically hybridizes to ABCA8 and 
corresponds to SEQ ID NO: 8. 

Figure 9 shows a nucleic acid sequence that specifically hybridizes to ABCA9 and 
corresponds to SEQ ID NO: 9. 

Figure 10 shows a nucleic acid sequence that specifically hybridizes to ABCA10 and 
25 corresponds to SEQ ID NO: 10. 

Figure 11 shows a nucleic acid sequence that specifically hybridizes to ABCA12 and 
corresponds to SEQ ID NO: 1 1 . 

Figure 12 shows a nucleic acid sequence that specifically hybridizes to ABCB1 and 
corresponds to SEQ ID NO: 12. 
30 Figure 13 shows a nucleic acid sequence that specifically hybridizes to ABCB2 and 
corresponds to SEQ ID NO: 13. 

Figure 14 shows a nucleic acid sequence that specifically hybridizes to ABCB3 and 
corresponds to SEQ ID NO: 14. 
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Figure 15 shows a nucleic acid sequence that specifically hybridizes to ABCB4 and 
corresponds to SEQ ID NO: 15. 

Figure 16 shows a nucleic acid sequence that specifically hybridizes to ABCB6 and 
corresponds to SEQ ID NO: 16. 
5 Figure 17 shows a nucleic acid sequence that specifically hybridizes to ABCB7 and 
corresponds to SEQ ID NO: 17. 

Figure 18 shows a nucleic acid sequence that specifically hybridizes to ABCB8 and 
corresponds to SEQ ID NO: 18. 

Figure 19 shows a nucleic acid sequence that specifically hybridizes to ABCB9 and 
10 corresponds to SEQ ID NO: 19. 

Figure 20 shows a nucleic acid sequence that specifically hybridizes to ABCB10 and 
corresponds to SEQ ID NO: 20. 

Figure 21 shows a nucleic acid sequence that specifically hybridizes to ABCB11 and 
corresponds to SEQ ID NO: 21. 
15 Figure 22 shows a nucleic acid sequence that specifically hybridizes to ABCC1 and 
corresponds to SEQ ID NO: 22. 

Figure 23 shows a nucleic acid sequence that specifically hybridizes to ABCC2 and 
corresponds to SEQ ID NO: 23. 

Figure 24 shows a nucleic acid sequence that specifically hybridizes to ABCC3 and 
20 corresponds to SEQ ID NO: 24. 

Figure 25 shows a nucleic acid sequence that specifically hybridizes to ABCC4 and 
corresponds to SEQ ID NO: 25. 

Figure 26 shows a nucleic acid sequence that specifically hybridizes to ABCC5 and 
corresponds to SEQ ID NO: 26. 
25 Figure 27 shows a nucleic acid sequence that specifically hybridizes to ABCC6 and 
corresponds to SEQ ID NO: 27. 

Figure 28 shows a nucleic acid sequence that specifically hybridizes to ABCC7 and 
corresponds to SEQ ID NO: 28. 

Figure 29 shows a nucleic acid sequence that specifically hybridizes to ABCC8 and 
30 corresponds to SEQ ID NO: 29. 

Figure 30 shows a nucleic acid sequence that specifically hybridizes to ABCC9 and 
corresponds to SEQ ID NO: 30. 
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Figure 31 shows a nucleic acid sequence that specifically hybridizes to ABCClOb 
and corresponds to SEQ ID NO: 31. 

Figure 32 shows a nucleic acid sequence that specifically hybridizes to ABCC1 1 and 
corresponds to SEQ ID NO: 32. 

Figure 33 shows a nucleic acid sequence that specifically hybridizes to ABCC12a 
and corresponds to SEQ ID NO: 33. 

Figure 34 shows a nucleic acid sequence that specifically hybridizes to ABCC13 and 
corresponds to SEQ ID NO: 34. 

Figure 35 shows a nucleic acid sequence that specifically hybridizes to ABCD1 and 
corresponds to SEQ ID NO: 35. 

Figure 36 shows a nucleic acid sequence that specifically hybridizes to ABCD2 and 
corresponds to SEQ ID NO: 36. 

Figure 37 shows a nucleic acid sequence that specifically hybridizes to ABCD3 and 
corresponds to SEQ ID NO: 37. 

Figure 38 shows a nucleic acid sequence that specifically hybridizes to ABCD4 and 
corresponds to SEQ ID NO: 38. 

Figure 39 shows a nucleic acid sequence that specifically hybridizes to ABCE1 and 
corresponds to SEQ ID NO: 39. 

Figure 40 shows a nucleic acid sequence that specifically hybridizes to ABCF1 and 
corresponds to SEQ ID NO: 40. 

Figure 41 shows a nucleic acid sequence that specifically hybridizes to ABCF2 and 
corresponds to SEQ ID NO: 41. 

Figure 42 shows a nucleic acid sequence that specifically hybridizes to ABCF3 and 
corresponds to SEQ ID NO: 42. 

Figure 43 shows a nucleic acid sequence that specifically hybridizes to ABCG1 and 
corresponds to SEQ ID NO: 43. 

Figure 44 shows a nucleic acid sequence that specifically hybridizes to ABCG2 and 
corresponds to SEQ ID NO: 44. 

Figure 45 shows a nucleic acid sequence that specifically hybridizes to ABCG4 and 
corresponds to SEQ ID NO: 45. 

Figure 46 shows a nucleic acid sequence that specifically hybridizes to ABCG5 and 
corresponds to SEQ ID NO: 46. 
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Figure 47 shows a nucleic acid sequence that specifically hybridizes to ABCG8 and 
corresponds to SEQ ID NO: 47. 

Figure 48 shows the ABC transporter gene RT-PCR amplification products from the 
CaCo2 cell line. 

Figure 49 shows the ABC transporter gene RT-PCR amplification products from the 
HEK293 cell line. 

Figure 50 shows the ABC transporter gene RT-PCR amplification products from the 
HepG2 cell line. 

Figure 51 shows the heat maps of relative levels of ABC transporter gene expression 
in various cell lines normalized to GAPDH. 

Figure 52 shows the heat maps of relative levels of ABC transporter gene expression 
in various cell lines normalized to actin. 

Figure 53 shows the heat maps of relative levels of ABC transporter gene expression 
in various cell lines normalized to SH1. 

Figure 54 shows the relative levels of ABC B1 to B11 gene expression in the HEK 

cell line normalized to various constitutively expressed control genes. 

Figure 55 shows the relative levels of ABC B1 to B11 gene expression in various cell 

lines. 

Figure 56 shows the heat map of relative levels of ABC transporter genes in a cell 
line treated with doxirubicin at various time intervals. 

Figure 57 shows the heat map of relative levels of ABC transporter genes in a cell 
line treated with vinblastine at various time intervals. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides materials and methods for detection of ABC 
transporter gene expression. In particular, the invention relates to nucleic acid 
molecules for analyzing ABC transporter gene expression, wherein the nucleic acid 
molecules comprise a sequence that specifically hybridizes to one ABC transporter 
gene, and methods and materials for obtaining such nucleic acid molecules. The 
invention also relates to the use of said materials and methods in assays and kits to 
detect ABC transporter gene expression. 
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(I) Abbreviations 

The following standard abbreviations for the nucleic acid residues are used 
throughout the specification: A-adenine; C-cytosine; G-guanine; T-thymine; and U- 
. uracil. 
5 (II) Definitions 

The term "nucleic acid molecule", "nucleic acid sequence(s)" or "nucleotide 
sequence" as used herein refers to an oligonucleotide or polynucleotide, and 
fragments or portions thereof, and to DNA or RNA of genomic or synthetic origin that 
may be single- or double-stranded, and represent the sense or antisense strand. 

10 The term "ABC transporter genes" refers to nucleic acid sequences encoding 

the ABC transporters, for example the human ABC transporter genes. There are 
currently 48 known human transporters, which have been cloned and sequenced 
(www.ncbi.nlm.nih.gov : www.humanabc.org) . The discovery and confirmation of new 
ABC transporter genes are ongoing. ABC transporter genes in this application are 

15 intended to include unknown ABC transporter genes, which will be discovered or 
confirmed in the future. 

The term "PGR amplicon" refers to a nucleic acid generated by nucleic acid 
amplification. 

The term "ABC transporter gene expression" refers to the transcription of an 

20 ABC transporter gene into an RNA product. 

"Amplification" is defined as the production of additional copies of a nucleic 
acid sequence and is generally carried out using polymerase chain reaction 
technologies well known in the art (Dieffenbach CW and GS Dveksler (1995) PCR 
Primer, a Laboratory Manual, Cold Spring Harbor Press, Plainview N.Y.). As used 

25 herein, the term "polymerase chain reaction" ("PCR") refers to the method of K. B. 
Mullis U.S. Pat. Nos. 4,683,195 and 4,683,202, hereby incorporated by reference, 
which describe a method for increasing the concentration of a segment of a target 
sequence in a mixture of genomic DNA without cloning or purification. The length of 
the amplified segment of the desired target sequence is determined by the relative 

30 positions of two oligonucleotide primers with respect to each other, and therefore, 
this length is a controllable parameter. By virtue of the repeating aspect of the 
process, the method is referred to as the "polymerase chain reaction" (hereinafter 
"PCR"). Because the desired amplified segments of the target sequence become the 
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predominant sequences (in terms of concentration) in the mixture, they are said to 
be "PCR amplified". 

Amplification in PGR requires "PCR reagents" or "PCR materials", which 
herein are defined as all reagents necessary to carry out amplification except the 
5 polymerase, primers and template. PCR reagents normally include nucleic acid 
precursors (dCTP, dTTP etc.) and buffer. 

As used herein, the term "primer" refers to an oligonucleotide, whether 
occurring naturally as in a purified restriction digest or produced synthetically, that is 
capable of acting as a point of initiation of synthesis when placed under conditions in 

10 which synthesis of a primer extension product that is complementary to a nucleic 
acid strand is induced, (i.e., in the presence of nucleotides and an inducing agent 
such as DNA polymerase and at a suitable temperature and pH). The primer can be 
single stranded for maximum efficiency in amplification, but may alternatively be 
double stranded. If double stranded, the primer is first treated to separate its strands 

15 before being used to prepare extension products. In one embodiment, the primer is 
an oligodeoxyribonucleotide. The primer must be sufficiently long to prime the 
synthesis of extension products in the presence of the inducing agent. The exact 
lengths of the primers will depend on many factors, including temperature, source of 
primer and the use of the method. 

20 The term "pair(s) of primers" refers to an upper primer and a lower primer. 

The primers can be categorized as upper or lower primers, depending upon the 
relative orientation of the primer versus the polarity of the nucleic acid sequence of 
interest (e.g., whether the primer binds to the coding strand or a complementary 
(noncoding) strand of the sequence of interest). 

25 The terms "homolog", "homology" and "homologous" as used herein in 

reference to nucleotide or nucleic acid sequences refer to a degree of 
complementarity with other nucleotide or nucleic acid sequences. There may be 
partial homology or complete homology (i.e., identity). A nucleotide sequence that is 
partially complementary, i.e., "substantially homologous," to a nucleic acid sequence 

30 is one that at least partially inhibits a completely complementary sequence from 
hybridizing to a target nucleic acid sequence. The inhibition of hybridization of the 
completely complementary sequence to the target sequence may be examined using 
a hybridization assay (Southern or Northern blot, solution hybridization and the like) 
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under conditions of low stringency. A substantially homologous sequence or probe 
will compete for and inhibit the binding (i.e., the hybridization) of a completely 
homologous sequence to a target sequence under conditions of low stringency. This 
is not to say that conditions of low stringency are such that non-specific binding is 
5 permitted; low stringency conditions require that the binding of two sequences to one 
another be a specific (i.e., selective) interaction. The absence of non-specific binding 
may be tested by the use of a second target sequence that lacks even a partial 
degree of complementarity (e.g., less than about 30% identity); in the absence of 
non-specific binding the probe will not hybridize to the second non-complementary 
10 target. 

Low stringency conditions comprise conditions equivalent to binding or 
hybridization at 25°C, in a solution consisting of 500mM sodium phosphate pH 6.0, 
1% SDS, 1% BSA, 1mM EDTA when a target of about 50 nucleotides in length is 
employed. 

15 The art knows well that numerous equivalent conditions may be employed to 

comprise low stringency conditions; factors such as the length and nature (DNA, 
RNA, base composition) of the probe and nature of the target (DNA, RNA, base 
composition, present in solution or immobilized, etc.) and the concentration of the 
salts and other components (e.g., the presence or absence of formamide, dextran 

20 sulfate, polyethylene glycol), as well as components of the hybridization solution may 
be varied to generate conditions of low stringency hybridization different from, but 
equivalent to, the above listed conditions. In addition, the art knows conditions that 
promote hybridization under conditions of high stringency (e.g., increasing the 
temperature of the hybridization and/or wash steps, the use of formamide in the 

25 hybridization solution, etc.). 

When used in reference to a double-stranded nucleic acid sequence such as 
a cDNA or genomic clone, the term "substantially homologous" refers to any probe 
that can hybridize to either or both strands of the double-stranded nucleic acid 
sequence under conditions of low stringency as described above. 

30 When used in reference to a single-stranded nucleic acid sequence, the term 

"substantially homologous" refers to any probe that can hybridize (i.e., it is the 
complement of the single-stranded nucleic acid sequence) under conditions of low 
stringency as described above. 
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The term "cDNA" refers to complementary or "copy" DNA. Generally, cDNA is 
synthesized by a DNA polymerase using any type of RNA molecule as a template. 
Alternatively, the cDNA can be obtained by direct chemical synthesis. 

The term "complementary" refers to nucleic acid sequences capable of base- 
5 pairing according to the standard Watson-Crick complementary rules, or being 
capable of hybridizing to a particular nucleic acid segment under stringent 
conditions. 

The term "hybridization" refers to duplex formation between two or more 
polynucleotides to form, for example a double-stranded nucleic acid, via base 
10 pairing. The ability of two regions of complementarity to hybridize and remain 
together depends on the length and continuity of the complementary regions, and 
the stringency of the hybridization conditions. 

The term "DNA microarray" refers to substrate with at least one target DNA 
immobilized to said substrate. The target DNA molecules are typically immobilized in 
15 prearranged patterns so that their locations are known or determinable. Nucleic 
acids in a sample can be detected by contacting the sample with the DNA 
microarray; allowing the target DNA and nucleic acids in the sample to hybridize; and 
analyzing the extent of hybridization. 

The term "label" refers to any detectable moiety. A label may be used to 
20 distinguished a particular nucleic acid from others that are unlabelled, or labeled 
differently, or the label may be used to enhance detection. 

The term "nucleic acids" refers to a polymer of ribonucleic acids or 
deoxyribonucleic acids, including RNA, mRNA, rRNA, tRNA, small nuclear RNAs, 
cDNA, DNA, PNA, or RNA/DNA copolymers. Nucleic acid may be obtained from a 
25 cellular extract, genomic or extragenomic DNA, viral RNA or DNA, or 
artificially/chemically synthesized molecules. 

The term "RNA" refers to a polymer of ribonucleic acids, including RNA, 
mRNA, rRNA, tRNA and small nuclear RNAS, as well as to RNAs that comprise 
ribonucleotide analogues to natural ribonucleic acid residues, such as 2-0- 
30 methylated residues. 

The term "transcription" refers to the process of copying a DNA sequence of a 
gene into an RNA product, generally conducted by a DNA-directed RNA polymerase 
using the DNA as a template. 
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The term "isolated" when used in relation to a nucleic acid molecule or 
sequence, refers to a nucleic acid sequence that is identified and separated from at 
least one contaminant nucleic acid with which it is ordinarily associated in its natural 
source. Isolated nucleic acid is nucleic acid present in a form or setting that is 
5 different from that in which it is found in nature. 

As used herein, the term "purified" or "to purify" refers to the removal of 
undesired components from a sample. 

As used herein, the term "substantially purified" refers to molecules, either 
nucleic or amino acid sequences, that are removed from their natural environment, 
10 isolated or separated, and are at least 60% free, 75% free, or 90% free from other 
components with which they are naturally associated. An "isolated nucleic acid 
molecule" is therefore a substantially purified nucleic acid molecule. 
(Ill) Nucleic Acid Molecules 

The present invention provides one or more isolated and purified nucleic acid 
15 molecules, wherein each of the nucleic acid molecules comprises a sequence that 
specifically hybridizes to one ABC transporter gene. By "specifically hybridizes to" it 
is meant that the subject nucleic acid sequence will bind, duplex or. hybridize 
substantially to or only with a particular nucleic acid sequence with minimum cross- 
hybidizatton with the other members of this gene family. In other words, the nucleic 
20 acid sequence represents a probe for one ABC transporter gene. In an embodiment 
of the invention, the one or more nucleic acid molecules comprise a portion of the 3' 
untranslated region of the ABC transporter gene. 

In a further embodiment of the present invention, there is provided a set of at 
least two nucleic acid molecules, at least 10 nucleic acid molecules, at least 20 
25 nucleic acid molecules, at least 30 nucleic acid molecules or at least 48 nucleic acid 
molecules, wherein each of the nucleic acid molecules comprises a sequence that 
specifically hybridizes to one ABC transporter gene. In another embodiment of the 
present invention, the set of at least two nucleic acid molecules are attached to a 
substrate. The substrate may be, for example, a membrane, a glass support, a filter, 
30 a tissue culture dish, a polymeric material, a bead or a silica support. 

In an embodiment of the present invention, the one or more nucleic acid 
molecules comprise an isolated and purified nucleic acid sequence selected from 
those shown in Figures 1 to 47 and Sequence ID NOS: 1 to 47. In a further 
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embodiment of the invention, the one or more nucleic acid molecules comprise an 
isolated and purified nucleic acid sequence selected from: 

(a) the nucleic acid sequences as shown in SEQ ID NOS: 1 to 47 and Figures 
1 to 47, wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologous to (a) or (b); or 

(d) a fragment of (a) to (c), which comprises a sequence that specifically 
hybridizes to one of the ABC transporter genes. 

In an embodiment of the present invention the one or more nucleic acid 
molecules are prepared from one or more primer pairs using any known amplification 
method, for example the polymerase chain reaction (PCR). Accordingly, the present 
invention includes one or more pairs of primers for preparing one or more. nucleic 
acid molecules, wherein each of the nucleic acid molecules comprises a sequence 
that specifically hybridizes to one ABC transporter gene. In an embodiment of the 
present invention, the one or more pairs of primers used to generate such nucleic 
acid molecules comprise a nucleic acid sequence selected from those listed in Table 
1 or SEQ ID NOS: 49 to 144. In further embodiments of the invention, the primers 
comprise: 

(a) the nucleic acid sequences as shown in SEQ ID NOS: 48 to 141 and 
Table 1 , wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); or 

(c) nucleic acid sequences which are homologous to (a) or (b). 

In another embodiment of the invention, the primers comprise at least the 5 
nucleotides at the 3' end of the sequences as shown in Table 1 or SEQ ID NOS: 48 
to 141. 

In still further embodiments of the invention, the one or more primers pairs 
comprise a nucleic acid sequence selected from one or more of: 
(a) SEQ ID NO: 48 and SEQ ID NO: 49; 

SEQ ID NO: 50 and SEQ ID NO: 51; 

SEQ ID NO: 52 and SEQ ID NO: 53; 

SEQ ID NO: 54 and SEQ ID NO: 55; 

SEQ ID NO: 56 and SEQ ID NO: 57; 

SEQ ID NO: 58 and SEQ ID NO: 59; 
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SEQ ID NO: 60 and SEQ ID NO: 61; 
SEQ ID NO: 62 and SEQ ID NO: 63; 
SEQ ID NO: 64 and SEQ ID NO: 65; 
SEQ ID NO: 66 and SEQ ID NO: 67; 
SEQ ID NO: 68 and SEQ ID NO: 69; 
SEQ ID NO: 70 and SEQ ID NO: 71; 
SEQ ID NO: 72 and SEQ ID NO: 73; 
SEQ ID NO: 74 and SEQ ID NO: 75; 
SEQ ID NO: 76 and SEQ ID NO: 77; 
SEQ ID NO: 78 and SEQ ID NO: 79; 
SEQ ID NO: 80 and SEQ ID NO: 81; 
SEQ ID NO: 82 and SEQ ID NO: 83; 
SEQ ID NO: 84 and SEQ ID NO: 85; 
SEQ ID NO: 86 and SEQ ID NO: 87; 
SEQ ID NO: 88 and SEQ ID NO: 89; 
SEQ ID NO: 90 and SEQ ID NO: 91; 
SEQ ID NO: 92 and SEQ ID NO: 93; 
SEQ ID NO: 94 and SEQ ID NO: 95; 
SEQ ID NO: 96 and SEQ ID NO: 97; 
SEQ ID NO: 98 and SEQ ID NO: 99; 
SEQ ID NO: 100 and SEQ ID NO: 101; 
SEQ ID NO: 102 and SEQ ID NO: 103; 
SEQ ID NO: 104 and SEQ ID NO: 105; 
SEQ ID NO: 106 and SEQ ID NO: 107; 
SEQ ID NO: 108 and SEQ ID NO: 109; 
SEQ ID NO: 110 and SEQ ID NO: 111; 
SEQ ID NO: 112 and SEQ ID NO: 113; 
SEQ ID NO: 114 and SEQ ID NO: 115; 
SEQ ID NO: 116 and SEQ ID NO: 117; 
SEQ ID NO: 118 and SEQ ID NO: 119; 
SEQ ID NO: 120 and SEQ ID NO: 121; 
SEQ ID NO: 122 and SEQ ID NO: 123; 
SEQ ID NO: 124 and SEQ ID NO: 125; 
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SEQ ID NO: 126 and SEQ ID NO: 127; 
SEQ ID NO: 128 and SEQ ID NO: 129; 
SEQ ID NO: 130 and SEQ ID NO: 131; 
SEQ ID NO: 132 and SEQ ID NO: 133; 
5 SEQ ID NO: 134 and SEQ ID NO: 135; 

SEQ ID NO: 136 and SEQ ID NO: 137; 
SEQ ID NO: 138 and SEQ ID NO: 139; and 
SEQ ID NO: 140 and SEQ. ID NO: 141; 
(b) the nucleic acid sequences in (a) wherein T can also be U; 
10 (c) nucleic acid sequences complementary to (a) or (b); and 

(d) nucleic acid sequences which are homologous to (a), (b) or (c). 
The present invention also includes nucleic acid molecules prepared using 
PCR and one or more of the pairs of primers of the invention. 
(IV) Method for detecting ABC transporter gene expression 
15 Transcription of genes into RNA is a critical step in gene expression. 

Therefore gene expression can be monitored by monitoring various transcription 
indicators. There are a variety of techniques known in the art to analyze and 
quantify gene transcription. In an embodiment of the present invention, ABC 
transporter gene expression was detected by monitoring or detecting the 
20 hybridization of transcription indicators from a test sample with the one or more 
nucleic acid molecules of the present invention, wherein the one or more nucleic acid 
molecules comprise a sequence that specifically hybridizes to one ABC transporter 
gene. In an embodiment, ABC transporter gene expression was detected using 
reverse transcription. For example, RNA was extracted from a test sample using 
25 techniques known in the art. cDNA was then synthesized using known techniques, 
such as using either oligo(dT) or random primers. ABC transporter gene expression 
was then detected using the said cDNA by allowing the cDNA to hybridize to the one 
or more nucleic acid molecules, then detecting the amount of hybridization of said 
cDNA with the one or more nucleic acid molecules. 
30 Accordingly, the present invention includes a method of detecting ABC 

transporter gene expression comprising: 

(a) providing one or more nucleic acid molecules comprising a sequence that 
specifically hybridizes to one ABC transporter gene; 
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(a) providing transcription indicators from a test sample; 

(b) allowing the transcription indicators to hybridize with said one or more 
nucleic acid molecules; and 

(c) detecting an amount of hybridization of said transcription indicators with 
5 said one or more nucleic acid sequences, 

wherein the amount of hybridization is indicative of the degree of ABC transporter 

gene expression. 

(a) Transcription indicators 

One of skill in the art will appreciate that it is desirable to have transcription 

10 indicators from a test sample that contain suitable nucleic samples containing target 
nucleic acid sequences that reflect the transcripts of interest. Therefore, suitable 
nucleic acid samples from the test sample may contain transcripts of interest. 
Suitable nucleic acid samples, however, may contain nucleic acids derived from the 
transcripts of interest. As used herein, a nucleic acid derived from a transcript refers 

15 to a nucleic acid for whose synthesis the mRNA transcript or a subsequence thereof 
has ultimately served as a template. Thus, a cDNA reverse transcribed from a 
transcript, an RNA transcribed from that cDNA, a DNA amplified from the cDNA, an 
RNA transcribed from the amplified DNA, etc., are all derived from the transcript and 
detection of such derived products is indicative of the presence and/or abundance of 

20 the original transcript in a sample. Thus, suitable transcription indicators include, but 
are not limited to, transcripts of the gene or genes, cDNA reverse transcribed from 
the transcript, cRNA transcribed from the cDNA, DNA amplified from the genes, RNA 
transcribed from amplified DNA, and the like. In an embodiment the transcription 
indicator is cDNA. 

25 Transcripts, as used herein, may include, but not limited to pre-mRNA 

nascent transcript(s), transcript processing intermediates, mature mRNA(s) and 
degradation products. It is not necessary to monitor all types of transcripts to practice 
this invention. For example, one may choose to practice the invention to measure 
the mature mRNA levels only. 

30 The term "test sample" refers to one or more cells, cell lines, tissues or 

organisms, or fragments thereof. In one embodiment, the test sample is from a 
human. In an embodiment of the present invention, the test sample is a homogenate 
of cells or tissues or other biological samples. For example, such sample can be a 
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total RNA preparation of a biological sample or such a nucleic acid sample can be 
the total mRNA isolated from a biological sample. Those of skill in the art will 
appreciate that the total mRNA prepared with most methods includes not only the 
mature mRNA, but also the RNA processing intermediates and nascent pre-mRNA 
5 transcripts. For example, total mRNA purified with a poly (dT) column contains RNA 
molecules with poly (A) tails. Those polyA+ RNA molecules could be mature mRNA, 
RNA processing intermediates, nascent transcripts or degradation intermediates. 

In an embodiment of the present invention, the test sample is a clinical 
sample with is a sample derived from a patient. Typical clinical samples include, but 
10 are not limited to, sputum, blood, blood cells (e.g. white blood cells), tissue or fine 
needle biopsy samples, urine, peritoneal fluid and pleural fluid, or cells therefrom. In 
another embodiment of the present invention, the test sample is derived from a cell 
culture containing specific cell lines, for example, HepG2, CaCo2 or HEK 293. 

One skilled in the art will appreciate that one can inhibit or destroy RNase 
15 present in any sample before they are used in the methods of the invention. Methods 
of inhibiting or destroying nucleases, including RNase, are well known in the art. For 
example, chaotropic agents may be used to inhibit nucleases or, alternatively, heat 
treatment followed by proteinase treatment may be used. 

Methods of isolating total mRNA are also well known to those skilled in the 
20 art. For example, see Chapter 3 of Laboratory Techniques in Biochemistry and 
Molecular Biology: Hybridization with Nucleic Acid Probes, Part I: Theory and 
Nucleic Acid Preparation, Tijssen, ed. Elsevier Press (1993); Sambrook ef a/., 
Molecular Cloning: A Laboratory Manual (2 nd ed.), Vols. 1-3, Cold Spring Harbour 
Laboratory (1989); or Current Protocols in Molecular Biology, F. Ausubel et al, ed. 
25 Greene Publishing and Wiley-lnterscience, New York (1987). In an embodiment, the 
total RNA is isolated from a given test sample, for example, using TRIzol reagent 
(Cat. No. 15596-018, Invitrogen Life Technologies) according to the manufacturer's 
instructions. 

In embodiments of the present invention, the transcription indicator, whether it 
30 be cDNA or mRNA, may need to be amplified prior to performing the hybridization 
assay. Methods for amplification, including "quantitative amplification" are well 
known to those skilled in the art. 
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In an embodiment the transcription indicator is labeled with a detectable label. 
Methods for labeling nucleic acids are well known to those skilled in the art. In an 
embodiment of the invention, the label is simultaneously incorporated during an 
amplification step in the preparation of the transcription indicators. Thus for 

5 example, PCR with labeled primers or labeled nucleotides (for example fluorescein- 
labeled UTP and/or CTP) will provide a labeled amplification product. Alternatively, a 
label may be added directly to the original nucleic acid sample or to the amplification 
product after the amplification is completed using methods known to those skilled in 
the art (for example nick translation and end-labeling). 

10 Detectable labels that are suitable for use in the methods of the present 

invention, include those that are detectable by spectroscopic, photochemical, 
biochemical, immunochemical, electrical, optical or other means. Some examples of 
useful labels include biotin staining with labeled streptavidin conjugate, magnetic 
beads, fluorescent dyes (e.g. fluorescein, rhodamine, green fluorescent protein and 

15 the like), radiolabels (e.g. 3 H, 32 P, 14 C, 25 S or 125 l), enzymes (e.g. horseradish 
peroxidase, alkaline phosphatase and others commonly used in ELISA) and 
colorimetric labels such as colloidal gold or colored glass or plastic (e.g. polystyrene, 
polypropylene, latex and the like) beads. Patents teaching the use of such labels 
include U.S. Patent Nos. 3,817,837, 3,850,752, 3,939,350, 3,996,345, 4,277,437, 

20 4,275,149 and 4,366,241, the contents of all of which are incorporated herein by 
reference, 
(b) Assay Format 

The method of detecting ABC transporter gene expression can be performed 
using any hybridization assay, including solution and solid phase. Typically a set 

25 containing two or more nucleic acid molecules of the invention, each of said nucleic 
acid molecules comprising a sequence that specifically hybridizes to one ABC 
transporter gene, are put together in a common container or on a common object. 
These may be on an array or in a kit together. They are typically separated, either 
spatially on a solid support such as an array, or in separate vessels, such as vials, 

30 tubes or wells in a microwell plate. 

According to the present invention, at least 5% of the nucleic acid molecules 
or probes in a set comprise a sequence that specifically hybridizes to one ABC 
transporter gene. In an embodiment, more than 10%, 20%, 30%, 40%, 50%, 60%, 
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70%, 80%, 90%, or 95% of such nucleic acid molecules or probes in the set 
comprise a sequence that specifically hybridizes to one ABC transporter gene. 

In an embodiment of the present invention the method of detecting ABC 
transported gene expression is performed in an array format. One of skill in the art 
5 will appreciate that an enormous number of array designs are suitable for the 
practice of this invention. The array will typically include a number of nucleic acid 
molecules or probes that specifically hybridize to the sequences of interest. In 
addition, in an embodiment, the array will include one or more control nucleic acid 
molecules or probes. The control probes may be, for example, expression level 
10 controls (e.g. positive controls and background negative controls). 

Background controls are elements printed on the substrate that contain no 
nucleic acids and thus measure the amount of non-specific hybridization of the 
labelled cDNA to elements on the substrate. 

Expression level controls are probes that hybridize specifically with 
15 constitutively expressed genes in the biological sample. Virtually any constitutively 
expressed gene provides a suitable target for expression level controls. Typically 
expression level control probes have sequences complementary to subsequences of 
constitutively expressed "housekeeping genes" including, but not limited to the beta- 
actin gene, the transferrin receptor gene, the glyceraldehyde-3-phosphate 
20 dehydrogenase (GAPDH) gene, and the like [Warrington JA et al. , Physiol Genomics 
2:143-147, 2000, Hsiao LL et al., Physiol Genomics 7:97-104, 2001, Whitfield ML ef 
a/., Mol Cell Biol 13:1977-2000, 2002]. 

In embodiments of the invention the method of detecting ABC transporter 
expression in a test sample is performed once or more, over a set period of time and 
25 at specified intervals, to monitor ABC transporter expression over that period of time. 

DNA microarrays have the benefit of assaying gene expression in a high 
throughput fashion. These microarrays comprise of short nucleic acid sequences 
that are immobilized on or directly chemically synthesized on a substrate, which can 
then be used in a hybridization reaction with nucleotides extracted from a test 
30 sample. Microarrays have the advantage of being able to measure the expression 
level of hundreds of genes simultaneously. 

Accordingly, in an embodiment of the present invention there is provided a 
DNA microarray comprising one or more nucleic acid molecules arrayed on a 
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substrate, wherein each of the one or more nucleic acid molecules comprise a 
sequence that specifically hybridizes to one ABC transporter gene. In embodiments 
of the invention, the one or more nucleic acid molecules are arranged in distinct 
spots that are known or determinable locations within the array on the substrate. A 
5 spot refers to a region of target DNA attached to the substrate as a result of 
contacting a solution comprising target DNA with the substrate. Each spot can be 
sufficiently separated from each other spot on the substrate such that they are 
distinguishable from each other during the hybridization analysis. In an embodiment, 
there are at least 48 spots on the DNA microarray; one spot for each of the 48 PCR 
10 products generated by the 48 sets of primers disclosed herein which are used as 
target DNA. In another embodiment, the DNA microarray includes at least one spot 
for an expression level control as described herein above. 

The substrate may be any solid support to which nucleic acids can be 
immobilized, such as a membrane, a glass support, a filter, a tissue culture dish, a 
15 polymeric material, a bead or a silica support. For example, the substrate can be a 
NoAb BioDiscoveries Inc. activated covalent-binding epoxy slide [UAS0005E]. 

When the nucleic acid molecule is immobilized on the substrate, a 
conventionally known technique can be used. For example, the surface of the 
substrate can be treated with polycations such as polylysines to electrostatically bind 
20 the target molecules through their charges on the surface of the substrate, and 
techniques to covalently bind the 5'-end of the target DNA to the substrate may be 
used. Also, a substrate that has linkers on its surface can be produced, and 
functional groups that can form covalent bonds with the linkers can be introduced at 
the end of the DNA to be immmobilized. Then, by forming a covalent bond between 
25 the linker and the functional group, the DNA and such can be immobilized. 

Other methods of forming arrays of oligonucleotides, peptides and other 
polymer sequences with a minimal number of synthetic steps are known and may be 
used in the present invention. These methods include, but are not limited to, light- 
directed chemical coupling and mechanically directed coupling. See Pirrung et al., 
30 U.S. Patent No. 5,143,854 and PCT Application No. WO 90/15070, Fodor et al., PCT 
Publication Nos. WO 92/10092 and WO 93/09668, which disclose methods of 
forming vast arrays of peptides, oligonucleotides and other molecules using, for 
example, light-directed synthesis techniques. See also, Fodor et al., Science, 251, 
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767-77 (1991). These procedures for synthesis of polymer arrays are now referred 
to as VLSIPS™ procedures. Using the VLSIPS™ approach, one heterogeneous 
array of polymers is converted, through simultaneous coupling at a number of 
reaction sites, into a different heterogeneous array. 

5 Transcription indicators (targets) from a test sample that have been subjected 

to particular stringency conditions hybridize to the nucleic acid molecules (probes) on 
the array. One of skill in the art will appreciate that hybridization conditions may be 
selected to provide any degree of stringency. In an embodiment, hybridization is 
performed at low stringency [15-18hrs at 37°C in 500mM sodium Phosphate pH 6.0, 

10 1% SDS, 1% BSA, 1mM EDTA] to ensure hybridization and then subsequent 
washes are performed at higher stringency [0.1xSSC;0.1%SDS then O.lxSSC then 
water] to eliminate mismatched hybrid duplexes. Successive washes may be 
performed at increasingly higher stringency until a desired level of hybridization 
specificity is obtained. Stringency can also be increased by addition of agents such 

15 as formamide. Hybridization specificity may be evaluated by comparison of 
hybridization to the test nucleic acid sequences with hybridization to the various 
controls that can be present (e.g., expression level controls (positive and negative), 
etc.). 

The nucleic acids that do not form hybrid duplexes are washed away leaving 
20 the hybridized nucleic acids to be detected, typically through detection of an attached 
detectable label. After hybridization, the arrays are inserted into a scanner that can 
detect patterns of hybridization. These patterns are detected by detecting the labeled 
transcription indicator now attached to the array, for e.g., if the transcription indicator 
is fluorescently labeled, the hybridization data are collected as light emitted from the 
25 labeled groups. Comparison of the absolute intensities of an array hybridized to 
nucleic acids from a test sample with intensities produced from the various control 
samples provides a measure of the relative expression of the nucleic acids 
represented by each of the probes. 

If the transcription indicator, for example cDNA, is fluorescently labeled, the 
30 fluorescence is detected and acquired using a fluorescence scanner, for example, a 
GSI Lumonics ScanArray Lite Microarray Analysis System, and the fluorescence 
intensity analyzed with specific quantitation and data processing software on a 
dedicated computer, for example, QuantArray and GeneLinker Gold. In an 
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embodiment, the intensity of fluorescence increases with increased ABC transporter 
gene expression. If the transcription indicator, for example cDNA, is radiolabeled, 
then detection can be carried out using an RU image scanner and such, and the 
intensity of the radiation can be analyzed with a computer. In an embodiment, the 
5 intensity of the radiation increases with increased ABC transporter gene expression. 

In further embodiments of the present invention, the methods of the invention 
further comprise (a) generating a set of expression data from the detection of the 
amount of hybridization; (b) storing the data in a database; and (c) performing 
comparative analysis on the set of expression data, thereby analyzing ABC 
10 transporter gene expression. The present invention also relates to a computer 
system comprising (a) a database containing information identifying the expression 
level of a set of genes comprising at least two ABC transporter genes; and b) a user 
interface to view the information. 
(V) Drug Screening Assays 
15 In one embodiment, the method of the invention has been used in a drug 

screening analysis. For example, a test sample was exposed to a chemical or a 
drug, and then ABC transporter gene expression was detected in the test sample 
using the methods of the invention. In one embodiment of the invention, ABC 
transporter expression was detected at various time intervals after the test sample 
20 was exposed to a chemical or drug, for example every 2 hours after exposure for 24 
hours. In one embodiment, after the test sample was exposed to the chemical or 
drug, mRNA was extracted from the test sample and then cDNA was produced using 
the extracted mRNA. The cDNA was labeled and allowed to hybridize with the one 
or more nucleic acid molecules, wherein each one of the one or more nucleic acid 
25 molecules comprised a sequence that specifically hybridizes to one ABC transporter 
gene. The amount of hybridization was detected and compared with the amount of 
hybridization obtained with the test sample treated under the same conditions except 
that it had not been exposed to the chemical or drug. By performing this 
comparison, the effect of the drug or chemical on the expression of each of the ABC 
30 transporter genes (whether it be increased, decreased or the same) was determined. 

Accordingly, in yet another embodiment of the invention, there is provided a 
method for screening compounds for their effect on ABC transporter gene 
expression comprising: 
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(a) exposing a test sample to the compound; 

(b) providing a transcription indicator from the test sample; 

(c) providing one or more nucleic acid sequences comprising a sequence that 
specifically hybridizes to one ABC transporter gene; 

5 (d) allowing said transcription inhibitor to hybridize with said one or more 

nucleic acid sequences; and 

(e) detecting an amount of hybridization of said transcription indicator with 
said one or more nucleic acid sequences, 

wherein the amount of hybridization is indicative of the degree of ABC transporter 

10 gene expression. 

In further embodiments of the invention the method for screening compounds 
for their effect on ABC transporter gene expression further comprises the steps of 

(f) comparing the amount of hybridization detected in step (e) with the 
amount of hybridization of transcription indicators from a normal test 

15 sample, thereby determining the effect of the compound on ABC 

transporter gene expression. 
The term "a normal test sample" as used herein means a test sample that is 

not exposed to a compound or other conditions that may have an effect on ABC 

transporter gene expression. 
20 The term "compound" as used herein means any agent, including drugs, 

which may have an effect of ABC transporter gene expression and includes, but is 

not limited to, small inorganic or organic molecules: peptides and proteins and 

fragments thereof; carbohydrates, and nucleic acid molecules and fragments thereof. 

The compound may be isolated from a natural source or be synthetic. The term 
25 compound also includes mixtures of compounds or agents such as, but not limited 

to, combinatorial libraries and extracts from an organism. 

In a further embodiment of the present invention there is provided a method 

for screening compounds for their effect on ABC transporter gene expression 

comprising: 

30 (a) preparing an ABC transporter gene expression profile, using a method of 

the invention, of a test sample that has been exposed to the compound; 
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(b) comparing the gene expression profile from (a) with a gene expression 
profile, prepared using a method of the invention, from a normal test 
sample, 

wherein differential expression is indicative of a compound having an effect on ABC 
5 transporter gene expression. 

In yet another embodiment of the invention, ABC transporter gene expression 
in the test sample is monitored over a set period of time and at specified time 
intervals to determine the effect of the compound on ABC transporter expression 
over that period of time. 
10 In an embodiment of the invention, the method may be used to identify 

compounds or agents that stimulate or up-regulate the transcription or expression of 
one or more ABC transporter genes, or to down-regulate or counteract the 
transcription or expression of one or more ABC transporter genes, or that have no 
effect on transcription or expression of one or more ABC transporter genes, in a 
15 given system. According to the present invention, one can also compare the 
specificity of a compound's effect by looking at the number of ABC transporter 
genes, the expression of which has been effected. More specific compounds will 
have fewer transcriptional targets. Further, similar sets of results for two different 
compounds indicates a similarity of effects for the two compounds. 
20 The ABC expression data can be used to design or choose an effective drug 

or chemical for the treatment of disease, such as cancer. By knowing which of the 
ABC transporter genes are modulated in the presence of the drug or compound, one 
can determine a cell's or patient's predisposition to drug toxicity and/or response to 
drug treatment. For example, if the chemical or drug up-regulates or increases the 
25 expression of certain ABC transporters in a test sample that are known to be 
involved in transporting compounds out of cells, for example ABC B1 (ADR1), ABC 
C1 (MRP1), ABC C2 (MRP2), or ABC G2 (BCRP), then the efficacy of that 
compound may be lowered. Further, if the compound down-regulates or decreases 
the expression of certain ABC transporters in a test sample that are known to be 
30 involved in transporting compounds out of cells, for example ABC B1 (ADR1), ABC 
C1 (MRP1), ABC C2 (MRP2), or ABC G2 (BCRP), then the toxicity of that compound 
may be increased. 
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Accordingly the present invention further relates to a method of assessing the 
toxicity and/or efficacy of a compound in a subject comprising: 

(a) obtaining a test sample from the subject; 

(b) comparing the ABC transporter gene expression profile of the test sample 
5 in the presence and absence of the compound using a method of the 

invention, 

wherein a difference in the degree of ABC transporter gene expression is indicative 
of the toxicity and/or efficacy of the compound in the subject. 

In an embodiment of the invention, the compound is administered to the 
10 subject and ABC transporter gene expression in profiled in a test sample from the 
patient before or after administration of the compounds. Changes in ABC 
transporter gene expression are indicative of the toxicity and/or efficacy of the 
compound in the subject. 

The methods of the present invention may also be used to monitor the 
15 changes in ABC transporter gene expression as a function of disease state. For 
example, an ABC transporter gene expression profile of a test sample from the 
subject may be obtained at one point in time and again at a later date. Changes in 
ABC transporter gene expression are indicative of changes in disease state, 
treatment response or treatment toxicity. 
20 Another embodiment of the invention is the use of the ABC transporter gene 

expression information for population profiling. For example, the ABC transporter 
gene expression information can be used to pre-selected individuals for clinical trials 
into non-responder and responder groups to a particular drug or chemical before 
initiation of the clinical trial. 
25 (VI) Databases 

The present invention also includes relational databases containing ABC 
transporter gene expression profiles in various tissue samples and/or cell lines. The 
database may also contain sequence information as well as descriptive information 
about the gene associated with the sequence information, the clinical status of the 
30 test sample and/or its source. Methods of configuring and constructing such 
databases are known to those skilled in the art (see for example, Akerblom et at. 
5,953,727). 
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The databases of the invention may be used in methods to identify the 
expression level in a test sample of the ABC transporter genes by comparing the 
expression level at least one of the ABC transporter genes in the test sample with 
the level of expression of the gene in the database. Such methods may be used to 
5 assess the physiological state or a given test sample by comparing the level of 
expression of an ABC transporter gene or genes in the sample with that found in 
samples from normal, untreated samples or samples treated with other agents. 
(VII) Kits 

The present invention further includes kits combining, in different 
10 combinations, nucleic acid arrays or microarrays, reagents for use with the arrays, 
signal detection and array-processing instruments, gene expression databases and 
analysis and database management software described above. The kits may be 
used, for example, to predict or model the toxic or therapeutic response of a test 
compound, to monitor the progression of disease states, to identify genes that show 
15 promise as new drug targets and to screen known and newly designed drugs as 
discussed above. 

The databases packaged with the kits are a compilation of expression 
patterns from human or laboratory animal ABC transporter genes. Data is collected 
from a repository of both normal and diseased animal tissues and provides 
20 reproducible, quantitative results, i.e., the degree to which a gene is up-regulated or 
down-regulated under a given condition. 

The kits may used in the pharmaceutical industry, where the need for early 
drug testing is strong due to the high costs associated with drug development, but 
where bioinformatics, in particular gene expression informatics, is still lacking. These 
25 kits will reduce the costs, time and risks associated with traditional new drug 
screening using cell cultures and laboratory animals. The results of large-scale drug 
screening of pre-grouped patient populations, pharmacogenomics testing, can also 
be applied to select drugs with greater efficacy and fewer side-effects. The kits may 
also be used by smaller biotechnology companies and research institutes who do not 
30 have the facilities for performing such large-scale testing themselves. 

Databases and software designed for use with use with microarrays is 
discussed in Balaban etal., U.S. Pat. No. Nos. 6,229,911, a computer-implemented 
method for managing information, stored as indexed tables, collected from small or 
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large numbers of microarrays, and U.S. Pat. No. 6,185,561, a computer-based 
method with data mining capability for collecting gene expression level data, adding 
additional attributes and reformatting the data to produce answers to various queries. 
Chee et al., U.S. Pat. No. 5,974,164, disclose a software-based method for 
5 identifying mutations in a nucleic acid sequence based on differences in probe 
fluorescence intensities between wild type and mutant sequences that hybridize to 
reference sequences. 

(VIII) Methods of Conducting Drug Discovery Businesses 

Yet another aspect of the present invention provides a method of conducting 
10 a target discovery business comprising: 

(a) providing one or more assay systems for identifying agents by their 
ability to modulate ABC transporter gene expression, said assay 
systems using a method of the invention; 

(b) (optionally) conducting therapeutic profiling of agents identified in step 
15 (a) for efficacy and toxicity in animals; and 

(c) licensing, to a third party, the rights for further drug development and/or 
sales or agents identified in step (a), or analogs thereof. 

By assay systems, it is meant, the equipment, reagents and methods involved 
in conducting a screen of compounds for the ability to modulate ABC transporter 
20 gene expression using the method of the invention. 

The following non-limiting examples are illustrative of the present invention: 

(IX) EXAMPLES 

Example 1: Sets of primers and resulting PCR products for each ABC 
transporter gene 

25 The sets of primers were designed such that the amplification product is a 

PCR amplicon that is a unique portion of an ABC transporter gene (See table 1). 
Figures 1 to 47 show nucleic acid sequences for each PCR amplicon. The primers 
are shown in bold. 

The NCBI (www.ncbi.nlm.nig.gov) and BCM search launcher 
30 (www.searchlauncher.bcm.tme.edu) websites were used to verify PCR primer 
identity with the ABC transporter gene region of interest. BLAST sequence searches 
and alignment analyses were completed for each PCR primer pair and PCR 
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amplicon to ensure minimum cross-hybridization with other known genes and other 
known ABC transporter genes. 



Total RNA preparation 
5 Cell lines were grown as adherent monolayers following the ATCC guidelines 

in Falcon T175 flasks until semi-confluent. Culture medium was removed. The 

adherent cells were washed twice with PBS (phosphate buffered saline) pH7.4. 

1.6ml TriZol reagent (Cat. No. 15596-018, Invitrogen Life Technologies) was added 

to each flask to lyse the cells and liberate the nucleic acids. The total RNA 
10 component of the nucleic acid lysate was isolated according to the manufacturer's 

instructions. Total RNA was quantitated by spectrophotometric analysis and 

OD 2 60nm:OD 2 80nm ratios. 

rDNA synthesis 

1 5 cDNA was prepared from 20|xg of total RNA in a total volume of 40^1. 20[xg of 

total RNA was added to a 200^1 RNase-free microtube and placed on ice. 4m-I of a 
300ng/nl solution of random d(N) 9 primers (Cat. No. S1254S, New England BioLabs) 
was added to the tube containing the total RNA and the final volume made up to 
22jaI with RNase-free dH z O. The microtube was capped and then heated at 65°C for 
20 10min in a thermal cycler (PTC200 DNA Engine, MJ Research). The microtube was 
then removed from the thermal cycler and placed on ice for 3min. The microtube was 
spun in a microfuge (C-1200, VWR Scientific Products) to collect the solution in the 
bottom of the microtube and placed on ice. 

First-strand cDNA synthesis was accomplished with the Superscript II RNase 
25 H-Reverse Transcriptase reagent set (Cat. No. 18064-014, Invitrogen Life 
Technologies). 8ul 5x First-Strand Buffer [250mM Tris-HCI pH 8.3, 375mM KCI, 
15mM MgCIa], 4|il 100mM DTT, 2|il 10mM dNTP Mix [10mM each dATP, dCTP, 
dGTP, dTTPl were added to the microtube on ice. The microtube was capped and 
then heated at 25°C for 10min in a thermal cycler. The microtube was then heated at 
30 42°C for 2min in a thermal cycler. The microtube was uncapped and left in the 
thermal cycler. 2yi\ Superscript II <200U/|U) was added to the solution in the 
microtube and mixed with the micropipette tip. The microtube was recapped and 
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incubated at 42°C for 60min in a thermal cycler. Subsequent to this incubation the 
microtube was heated at 70°C for 15min in a thermal cycler. The microtube was then 
removed from the thermal cycler and spun in a microfuge to collect the solution in 
the bottom of the microtube and then returned to the thermal cycler. of RNase H 
5 (2U/mJ) was added to the cDNA synthesis reaction and incubated at 37°C for 20min 
in a thermal cycler. The first-strand cDNA synthesis reaction was then stored at 
-20°C until required for RT-PCR. 



RT-PCR 

10 RT-PCR was performed in a final volume of 25^1. 2p.l of the first-strand cDNA 

synthesis reaction was added to a 200|xl microtube and placed on ice. 2^1 of a 
specific ABC Drug Transporter (ABC-DT) primer pair mix [10[xM each forward PCR 
primer and reverse PCR primer], 2.5fxl 10x PCR Buffer [200mM Tris-HCI pH 8.4, 
500mM KCI], 0.75^1 50mM MgCI 2 , 0.5|xl 10mM dNTP Mix [10mM each dATP, dCTP, 

15 dGTP, dTTP], 16.25jxl dH a O and 1 |xl Taq polymerase (5U/ul) were added to the side 
of the microtube. The reagents were mixed and collected in the bottom of the 
microtube by spinning the capped microtube in a microfuge. The capped microtube 
was then placed in a thermal cycler block with a heated lid (PTC200 DNA Engine, 
MJ Research), both pre-heated to 95°C, and incubated at this temperature for 5min. 

20 After this initial denaturation step 40 cycles of PCR amplification were performed as 
follows: Denature 95°C for 30s, Anneal 60°C for 30s, Extend 72°C for 60s. Following 
the final 72°C Extend step the PCR was incubated for an additional 10min at 72°C. 
The PCR was then maintained at a temperature of 15°C. PCR products were stored 
at -20°C until needed. 

25 

PCR amplicon purification 

ABC-DT RT-PCR amplification products (PCR amplicons) were analysed by 
electrophoresis at 150V for 20min in 1x TAE running buffer in an agarose gel [0.8% 
agarose, 1x TAE, 0.5[xg/ml ethidium bromide] with 4jxl of a 250bp DNA Ladder (Cat. 
30 No. 10596-013, Invitrogen Life Technologies) to permit size estimates of the PCR 
amplicons. 
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The ABC-DT RT-PCR amplification products (PCR amplicons) were 
visualised "in gel" with a UV transilluminator (UVP M-15, DiaMed Lab Supplies) and 
photographed with a photo-documentation camera and hood (FB-PDC-34, FB-PDH- 
1216, Fisher Biotech), a #15 Deep Yellow 40.5mm screw-in optical glass filter (FB- 

5 PDF-1 5, Fisher Biotech) and Polaroid Polapan 667 film. 

The ABC-DT RT-PCR amplification products (PCR amplicons) were isolated 
and purified from the ABC-DT RT-PCR using the QIAquick PCR purification kit (Cat. 
No. 28104, QIAGEN Inc.) according to the manufacturer's instructions. After 
purification, ABC-DT RT-PCR amplification products (PCR amplicons) were 

10 analysed by electrophoresis at 150V for 20min in 1x TAE running buffer in an 
agarose gel [0.8% agarose, 1x TAE, 0.5ug/ml ethidium bromide] with 4[xl of a Low 
DNA Mass Ladder (Cat. No. 10068-013, Invitrogen Life Technologies) to permit PCR 
amplicon sizing and quantitation. 

Figure 48 shows the ABC transporter gene RT-PCR amplification products 

15 from the CoCo2 cell line. Figure 49 shows the ABC transporter gene RT-PCR 
amplification products from the HEK293 cell line. Figure 50 shows the ABC 
transporter gene RT-PCR amplification products from the HepG2 cell line. 

Example 2: Sequencing 

20 The sequences of the PCR amplicons, which are each unique portions of 

each of the known human ABC transporter genes, can be verified. 

ABC-DT PCR amolicon clon ing and sequencing 

A number of the purified ABC-DT RT-PCR amplification products (PCR 
25 amplicons) were cloned into pCR4-TOPO vectors using the TOPO TA Cloning Kit for 
Sequencing (Cat. No. K4575-40, Invitrogen Life Technologies) according to the 
manufacturer's instructions to verify the sequence of the purified ABC-DT PCR 
amplicon. 

DNA sequence analysis was performed with Cy5.5-labelled M13 (-20) 
30 universal and M13 reverse primers, the Cy5/Cy5.5 Dye Primer Cycle Sequencing Kit 
(Cat. No. VG 30001, Visible Genetics Inc/Bayer Inc.) and the OpenGene automated 
DNA sequencing system (MGB-16, Visible Genetics Inc/Bayer Inc.) according to the 
manufacturer's instructions. 
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Example 3: DNA Microarray 

5 ABC-DT microarrav (DT1 microarray) 

1-2pg of each of the purified ABC-DT RT-PCR amplification products (PCR 
amplicons) and 5 purified positive control RT-PCR amplification products (PCR 
amplicons) were aliquoted into individual wells of a CoStar SeroCluster 96 well U- 
bottom polypropylene microwell plate (source plate). The source plate was placed in 

10 a Speed-Vac concentrator (SPD101B, Savant Instruments Inc.) and dried under 
vacuum for 1 hour at 45°C. The dry RT-PCR amplification products (PCR amplicons) 
in the source plate were resuspended in 20\i\ 1x NoAb Print Buffer (150mM sodium 
phosphate pH 8.5, Cat. No. UAS0001PB, NoAb BioDiscoveries Inc.), sealed with 
mylar sealing tape (Cat. No. T-2162, Sigma Chemical Company) and dissolved by 

15 shaking at 300rpm for 1 hour at room temperature on a microplate shaker (EAS2/4, 
SLT Lab Instruments). 

The source plate was then placed in a humidified (21-25°C, 45-60% RH) 
microarrayer cabinet (SDDC-2, ESI / Virtek Vision Corp. / BioRad Laboratories Inc.). 
Each purified RT-PCR amplification product (PCR amplicon) was printed in 

20 quadruplicate on activated covalent-binding epoxy slides (Cat. No. UAS0005E, NoAb 
BioDiscoveries Inc.) using Stealth micro-spotting pins (Cat. No. SMP5, TeleChem 
International Inc.). The 384 element microarrays were air-dried in the microarrayer 
cabinet for at least 4 hours. Printed microarrays were stored in 20 slide racks under 
vacuum until needed. 

25 

Example 4: Method for detecting ABC transporter gene expression using a 
DNA microarray 

The ABC transporter gene expression profile for 22 different cell lines was 
prepared using the DNA microarray. 

30 

Total RNA preparation 

All 22 cell lines (BT20, CaCo2, CaOv, Colo320, HBT161, HEK293, HepG2, 
HT75, HT177, LnCaP, MCF7, MDA453, MDA468, MFE29C, SKMES1, SKNAS, 
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SKNBE, SKND2, SKNMC, T47D, ZR75, MDCK) were grown as adherent 
monolayers following the ATCC guidelines in tissue culture flasks until semi- 
confluent. Culture medium was removed. The adherent cells were washed twice with 
PBS (phosphate buffered saline) pH7.4. 1.6ml TriZol reagent (Cat. No. 15596-018, 
5 Invitrogen Life Technologies) was added to each flask to lyse the cells and liberate 
the nucleic acids. The total RNA component of the nucleic acid lysate was isolated 
according to the manufacturer's instructions. Total RNA was quantitated by 
spectrophotometric analysis and OD 26 onnvOD 28 onm ratios. 

10 Fluorescent cDNA target preparation 

Fluorescently labelled cDNA targets were prepared from each of the 22 cell 
lines using 20ng of total RNA in a total volume of 40ix\. 

20\ig of total RNA was added to a 200[xl RNase-free microtube and placed on 
ice. 4j*l of a 300ng/|Al solution of random d(N) 9 primers (Gat. No. S1254S, New 
15 England BioLabs) was added to the tube containing the total RNA and the final 
volume made up to 22\i\ with RNase-free dH 2 0. The microtube was capped and then 
heated at 65°C for 10min in a thermal cycler (PTC200 DNA Engine, MJ Research). 
The microtube was then removed from the thermal cycler and placed on ice for 3min. 
The microtube was spun in a microfuge (C-1200, VWR Scientific Products) to collect 
20 the solution in the bottom of the microtube and placed on ice. 

First-strand cDNA synthesis was accomplished with the Superscript II RNase 
H-Reverse Transcriptase reagent set (Cat. No. 18064-014, Invitrogen Life 
Technologies). Q\i\ 5x First-Strand Buffer [250mM Tris-HCI pH 8.3, 375mM KCI, 
15mM MgCI 2 ], 4^1 100mM DTT, 2\i\ T- dNTP Mix [2.3mM dTTP, 5mM each dATP, 
25 dCTP, dGTP], 2^.1 ChromaTide Alexa 546-14-dUTP (1mM in TE buffer, Cat. No. C- 
11401, Molecular Probes Inc.) were added to the microtube on ice. The microtube 
was capped and then heated at 25°C for 10min in a thermal cycler. The microtube 
was then heated at 42°C for 2min in a thermal cycler. The microtube was uncapped 
and left in the thermal cycler. 2ul Superscript II (200U/|xl) was added to the solution 
30 in the microtube and mixed with the micropipette tip. The microtube was recapped 
and incubated at 42°C for 60min in a thermal cycler. Subsequent to this incubation 
the microtube was heated at 70°C for 15min in a thermal cycler. The microtube was 
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then removed from the thermal cycler and spun In a microfuge to collect the solution 
in the bottom of the microtube and then returned to the thermal cycler. 1m,I of RNase 
H (2U/m,I) was added to the cDNA synthesis reaction and incubated at 37°C for 
20min in a thermal cycler. The fluorescently labelled cDNA targets were stored at 
-20°C overnight before QIAquick column purification. 

The fluorescently labelled cDNA targets were thawed and the total volume 
adjusted to 100^1 with dH 2 0. Labelled cDNA targets were isolated and purified using 
the QIAquick PCR purification kit (Cat. No. 28104, QIAGEN Inc.) according to the 
manufacturer's instructions except that the final elution volume was adjusted to 
150^1. The purified cDNA target preparation was stored at -20°C until required for 
microarray hybridisation. 

DT1 microarrav hybridisation 

The printed DT1 microarray(s) was removed from storage under vacuum and 
placed in a 20 slide rack. The DT1 microarray was then denatured by dipping the 
microarray slide into "boiled" dH 2 0 for 30s. The denatured DT1 microarray was then 
placed in a polypropylene 5 slide mailer (Cat. No. 240-3074-030, Evergreen 
Scientific) and blocked in 1x NoAb Pre-Hybridisation Blocking Buffer (Cat. No. 
UAS0001 BB, NoAb BioDiscoveries Inc.) for 2 hours at room temperature. Pre- 
hybridised, blocked DT1 microarrays were removed from this solution and placed in 
a new polypropylene 5 slide mailer (Cat. No. 240-3074-030, Evergreen Scientific) 
containing a solution of denatured, labelled cDNA targets from a specific cell line. 

The labelled cDNA target preparation was thawed and the 150[aI added to 
850fxl hybridisation buffer (500mM sodium Phosphate pH 6.0, 1% SDS, 1% BSA, 
1mM EDTA) in a 1.5ml microtube and heated at 95°C for 10min. Following 
denaturation the microtube was spun briefly in a microcentrifuge to collect all the 
liquid. The denatured, labelled cDNA targets were then added to a polypropylene 5 
slide mailer (Cat. No. 240-3074-030, Evergreen Scientific) that contained a pre- 
hybridised, blocked DT1 microarray placed "array-side" down in the bottom-most slot 
of the 5 slide mailer. In this orientation the entire surface of the microarray slide is 
bathed in the hybridisation buffer. 5 slide mailers containing the DT1 microarrays 
were incubated on their sides, "array-side" down, in a 37°C incubator for 15-18h. 
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Hybridised DT1 microarrays were removed from the 5 slide mailers with 
forceps and placed directly into a 20 slide rack in a slide wash box containing a 0.1x 
SSC, 0.1% SDS solution. DT1 microarrays were incubated in this solution at 37°C 
for 15min. The slide rack containing the DT1 microarrays was then transferred to a 
5 slide wash box containing 0.1x SSC and incubated in this solution at 37°C for 15min. 
Following this step the DT1 microarrays were rinsed in dH 2 0 and air-dried by 
centrifugation at 1200rpm. 

DT1 microarrav image acquisition and data analysis 
10 Processed DT1 microarrays were scanned using ScanArray software in a 

ScanArray Lite MicroArray Analysis System (GSI Lumonics Inc.) at a scan resolution 
of lOum, a laser setting of 90 and a PMT gain of 80. Images were analysed using 
QuantArray software (GSI Lumonics Inc.). The data generated from QuantArray was 
exported to GeneLinker Gold (Molecular Mining Inc. / Predictive Patterns Software) 
15 for bioinformatic analysis and data mining. Gene expression profiles and hierarchical 
clustering maps ("heat maps") were also generated using GeneLinker Gold. 

Figure 51 shows the heat map for and Table 2 sets out the relative levels of 
ABC transporter gene expression in various cell lines normalized to GAPDH. Figure 
52 shows the heat map for and Table 3 sets out the relative levels of ABC 
20 transporter gene expression in various cell lines normalized to actin. Figure 53 
shows the heat map for and Table 4 sets out the relative levels of ABC transporter 
gene expression in various cell lines normalized to SH1. 

Figure 54 shows the relative levels of gene expression for ABC B1 to B11 in 
HEK cells normalized to constitutively expressed control genes (tubulin, actin, 
25 GAPDH, and SH1). Figure 55 shows the relative levels of gene expression for ABC 
B,1 to B11 in various cell lines (HEK, CaCo2, CaOv and HepG2) normalized to the 
constitutively expressed actin control gene. 

As shown in Figure 55, the ABC transporter gene expression profile is 
different for different cell lines. Certain ABC transporter genes are over-expressed in 
30 some cell lines, while some are suppressed in other cell lin - s. 
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Example 5: Drug screening assay 

Cell lines were treated with two chemotherapeutic agents, doxirubicin and 
vinblastine, at 2 hour intervals. 

5 Total RNA preparation from drua-treated HepG2 cell line 

The HepG2 cell line was grown as an adherent monolayer in 24 Falcon T175 
flasks following the ATCC guidelines until semi-confluent. Tissue culture flasks were 
then divided into pairs for each of six timepoints (Oh, 2h, 4h, 8h, 18h, 24h). 

For vinblastine sulfate treatment, 5|a1 of a 1000x (5mM in DMSO) stock 

10 solution of vinblastine sulfate was added to 10 Falcon T175 flasks containing the 
HepG2 monolayer in 10mls of culture medium (25nM final concentration), mixed 
gently by rocking, returned to the C0 2 incubator and harvested for total RNA at the 
indicated times. The Oh timepoint flasks were processed immediately after the 
addition of 5|xl DMSO. 

15 For doxirubicin HCI treatment, 5^1 of a 1000x (5mM in DMSO) stock solution 

of doxirubicin HCI was added to 10 Falcon T175 flasks containing the HepG2 
monolayer in 10mls of culture medium (25nM final concentration), mixed gently by 
rocking, returned to the C0 2 incubator and harvested for total RNA at the indicated 
times. The Oh timepoint flasks were processed immediately after the addition of 5\x\ 

20 DMSO. 

Prior to cell lysis the tissue culture medium was removed. The adherent cells 
were washed twice with PBS (phosphate buffered saline) pH7.4. 1.6ml TriZol 
reagent (Cat. No. 15596-018, Invitrogen Life Technologies) was added to each flask 
to lyse the cells and liberate the nucleic acids. The total RNA component of the 
25 nucleic acid lysate was isolated according to the manufacturer's instructions. Total 
RNA was quantitated by spectrophotometric analysis and OD 2 60nm:OD 28 onm ratios. 

Fluorescent cPNA target preparation 

Fluorescently labelled cDNA targets were prepared from each of the 12 
30 timepoint samples for the drug-treated HepG2 cell line (6x vinblastine sulfate, 6x 
doxirubicin HCI) using 20ng of total RNA in a total volume of 40^1. 
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20jxg of total RNA was added to a 200ul RNase-free microtube and placed on 
ice. 4^1 of a 300ng/ul solution of random d(N) 9 primers (Cat. No. S1254S, New 
England BioLabs) was added to the tube containing the total RNA and the final 
volume made up to 22\i\ with RNase-free dH 2 0. The microtube was capped and then 
5 heated at 65°C for 10min in a thermal cycler (PTC200 DNA Engine, MJ Research). 
The microtube was then removed from the thermal cycler and placed on ice for 3min. 
The microtube was spun in a microfuge (C-1200, VWR Scientific Products) to collect 
the solution in the bottom of the microtube and placed on ice. 

First-strand cDNA synthesis was accomplished with the Superscript II RNase 
10 H- Reverse Transcriptase reagent set (Cat. No. 18064-014, Invitrogen Life 
Technologies). B\i\ 5x First-Strand Buffer [250mM Tris-HCI pH 8.3, 375mM KCI, 
15mM MgCI 2 ], 4^1 100mM DTT, 2ul T- dNTP Mix [2.3mM dTTP, 5mM each dATP, 
dCTP, dGTP], 2(xl ChromaTide Alexa 546-14-dUTP (1mM in TE buffer, Cat. No. C- 
11401, Molecular Probes Inc.) were added to the microtube on ice. The microtube 
15 was capped and then heated at 25°C for 10min in a thermal cycler. The microtube 
was then heated at 42°C for 2min in a thermal cycler. The microtube was uncapped 
and left in the thermal cycler. 2|aI Superscript II (200U/nl) was added to the solution 
in the microtube and mixed with the micropipette tip. The microtube was recapped 
and incubated at 42°C for 60min in a thermal cycler. Subsequent to this incubation 
20 the microtube was heated at 70°C for 15min in a thermal cycler. The microtube was 
then removed from the thermal cycler and spun in a microfuge to collect the solution 
in the bottom of the microtube and then returned to the thermal cycler. V of RNase 
H (2U/M-I) was added to the cDNA synthesis reaction and incubated at 37°C for 
20min in a thermal cycler. The fluorescently labelled cDNA targets were stored at 
25 -20°C overnight before QIAquick column purification. 

The fluorescently labelled cDNA targets were thawed and the total volume 
adjusted to 100^1 with dH 2 0. Labelled cDNA targets were isolated and purified using 
the QIAquick PCR purification kit (Cat. No. 28104, QIAGEN Inc.) according to the 
manufacturer's instructions except that the final elution volume was adjusted to 
30 150^,1. The purified cDNA target preparation was stored at -20°C until required for 
microarray hybridisation. 
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DT1 microarrav hybridisation 

The printed DT1 microarray(s) was removed from storage under vacuum and 
placed in a 20 slide rack. The DT1 microarray was then denatured by dipping the 
microarray slide into "boiled" dH 2 0 for 30s. The denatured DT1 microarray was then 

5 placed in a polypropylene 5 slide mailer (Cat. No. 240-3074-030, Evergreen 
Scientific) and blocked in 1x NoAb Pre-Hybridisation Blocking Buffer (Cat. No. 
UAS0001BB, NoAb BioDiscoveries Inc.) for 2 hours at room temperature. Pre- 
hybridised, blocked DT1 microarrays were removed from this solution and placed in 
a new polypropylene 5 slide mailer (Cat. No. 240-3074-030, Evergreen Scientific) 

10 containing a solution of denatured, labelled cDNA targets from a specific cell line. 

The labelled cDNA target preparation was thawed and the 150|xl added to 
850ul hybridisation buffer (500mM sodium Phosphate pH 6.0, 1% SDS, 1% BSA, 
1mM EDTA) in a 1.5ml microtube and heated at 95°C for 10min. Following 
denaturation the microtube was spun briefly in a microcentrifuge to collect all the 

15 liquid. The denatured, labelled cDNA targets were then added to a polypropylene 5 
slide mailer (Cat. No. 240-3074-030, Evergreen Scientific) that contained a pre- 
hybridised, blocked DT1 microarray placed "array-side" down in the bottom-most slot 
of the 5 slide mailer. In this orientation the entire surface of the microarray slide is 
bathed in the hybridisation buffer. 5 slide mailers containing the DT1 microarrays 

20 were incubated on their sides, "array-side" down, in a 37°C incubator for 1 5-1 8h. 

Hybridised DT1 microarrays were removed from the 5 slide mailers with 
forceps and placed directly into a 20 slide rack in a slide wash box containing a 0.1 x 
SSC, 0.1% SDS solution. DT1 microarrays were incubated in this solution at 37°C 
for 15min. The slide rack containing the DT1 microarrays was then transferred to a 

25 slide wash box containing 0.1x SSC and incubated in this solution at 37°C for 1 5min. 
Following this step the DT1 microarrays were rinsed in dH 2 0 and air-dried by 
centrifugation at 1200rpm. 

• DT1 microarrav image acquisition and data analysis 
30 Processed DT1 microarrays were scanned using ScanArray software in a 

ScanArray Lite MicroArray Analysis System (GSI Lumonics Inc.) at a scan resolution 
of lO^m, a laser setting of 90 and a PMT gain of 80. Images were analyzed using 
QuantArray software (GSI Lumonics Inc.). The data generated from QuantArray was 
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exported to GeneLinker Gold (Molecular Mining Inc. / Predictive Patterns Software) 
for bioinformatic analysis and data mining. Gene expression profiles and hierarchical 
clustering maps ("heat maps") for drug treatment-related changes in ABC-DT gene 
expression were also generated using GeneLinker Gold. 
5 Figure 56 shows the heat map for and Table 5 shows the relative levels of 

ABC transporter gene expression in cell lines treated with doxirubicin at various time 
intervals. Figure 57 shows the heat map for and Table 6 shows the relative levels of 
ABC transporter gene expression in cell lines treated with vinblastine at various time 
intervals. 

10 While the present invention has been described with reference to what are 

presently considered to be examples, it is to be understood that the invention is not 
limited to the disclosed examples. To the contrary, the invention is intended to cover 
various modifications and equivalent arrangements included within the spirit and 
scope of the appended claims. 

15 All publications, patents and patent applications are herein incorporated by 

reference in their entirety to the same extent as if each individual publication, patent 
or patent application was specifically and individually indicated to be incorporated by 
reference in its entirety. 
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Tabl 1 



Unique Portion 
of ABC 
Transporter 
Gene 


Upper Primer 


Lower Primer 


ABCA1 


SEQ ID NO: 48 


5' CCC TGT GGA 
ATG TAC CTA 
TGT GAG 3' 


SEQ ID NO: 49 


5'GCGTAAAGT 
GCT TGG AAT 
GAG GGC 3' 


ABCA2 


SEQ ID NO: 50 


5' CCTTCAACA 
CGG ACA CGC 
TCT GCT 3' 


SEQ ID NO: 51 


5'AGCTTCTCC 

A ■■■■■■ **** 1 -TT H J*"*. f\ 

ATT CCT GCC ; 
ACC TGC 3' 


ABCA3 


SEQ ID NO: 52 


5' AAG GAA AAG 
TAC GGC GTG 
GAC GAG 3' 


SEQ ID NO: 53 


5' CTA AGA CCC 
CAG CAC CTA 
ATC ACA 3 1 


ABCA4 


SEQ ID NO: 54 


5' GAG CAT CAT 
CAG AAA AGG 
GAG GGC 3' 


SEQ ID NO: 55 


5' GGG TTT CTA 
GTT CTG GGG 
TCT GGA 3' 


ABCA5 


SEQ ID NO: 56 


5'AATGCAAGC 
CGT CAG GAA 
AGTTTT3' 


SEQ ID NO: 57 


5' CTT ACA CTT 
CAG CTT TTA 
CGG ATG 3' 


ABCA6 


SEQ ID NO: 58 


5' AGT TGT GTT 
TTG TGC TGA 
GCC TCC 3' 


SEQ ID NO: 59 


5' GTG CCT GAC 
TCT TTG GGT 
GAC TTT 3' | 


ABCA7 


SEQ ID NO: 60 


5' ATA GCA TGG 
AGG AGT GTG 
AAG CGC 3 1 


SEQ ID NO: 61 


5' TTT CAC CAC ! 
CAC GGC TTC 
TCT CCA 3' 


ABCA8 


SEQ ID NO: 62 


5' GCT GGG 
TGATTTTGA 
GGA GGA TTT 3' 


SEQ ID NO: 63 


5' GAA AAT GGC 
ACA CAG TTG 
GCT TAC 3' 


ABCA9 


SEQ ID NO: 64 


5'TGTGCCAGC 
AACCAAATC 
CCA TGT 3' 


SEQ ID NO: 65 


5'TTTCTCCTA 
ATG CTA TCC 
CTC CCC 3' 


ABCA10 


SEQ ID NO: 66 


5' AGG AGC 
TGG GAA ATG 
TTG ATG ATA 3' 


SEQ ID NO: 67 


5' GCC ATT TCA 
TCAGTTTAT 
CAG ACC 3' 


ABCA12 ' 


SEQ ID NO: 68 


5'CCTGCTGGA 
GAG TGT TTT 
GGG CTT 3' 


SEQ ID NO: 69 


5' ATG TTT GCG 
ACT CCT CCT 
i GCT GTG 3' 




ABCB1 


SEQ ID NO: 70 


5' CAT CCT GTT 
TGA CTG CAG 
CAT TGC 3' 


SEQ ID NO: 71 


5' GCA AGG CAG 
TCA GTT ACA 
GTC CAA 3' 


ABCB2 


SEQ ID NO: 72 


5' ATA TTG CCT 
ATG GCC TGA 
CCC AGA 3" 


SEQ ID NO: 73 


5' TTC TCA GTT 
TCA GAG TGC 
! TGG CCA 3' 


ABCB3 


SEQ ID NO: 74 


5* GGG AGT 
AGG AGC TAT 
GCT AAG TGT 3' 


SEQ ID NO: 75 


5' TGC TCA TGG 
TCT AGT GGA 
AGG TGA 3' 


ABCB4 


SEQ ID NO: 76 


5' TTG ACA GCT 
ACA GTG AAG 
AGG GGC 3' 


SEQ ID NO: 77 


5' CAT AAG TTC 
TGT GTC CCA 
1 GCC TGG 3' 


ABCB6 


SEQ ID NO: 78 


5'TTCGCTTCT 
ACGACATCA 
GCT CTG 3' 


SEQ ID NO: 79 


5' GAC CAG GAT 
GAA ATA AGC 
CAG GGA 3' 
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ABCB7 


SEQ ID NO: 80 


5 CCC TGC 
AGG AAA GAA 
AGT GGC CAT 3' 


SEQ ID NO: 81 


CI ATT A /"*»^"^ A A"* 

5 CTT AGC ACG 
AAC AGT TTC 
CAC AGC 3' 


AdUdo 


obU IU NU. 


CI A OO l I 1 /*•» ■ 

5 AGG TTG TCG 
oil 1 OA 1 OA 
GCC AGG 3' 


OCA |r\ MA- QO 
obU IU NU. OO 


C 1 'til A TT OTO> 

5 I 1 1 ATT GTG 

a op a pp AAA 

AoU Aulj AbO 

AGC CGC 3' 


Abu by 


ofcU IU NU. o4 


5' TGGATC ACC 

PPT TAP T/^O 

ATC TTG 3' 


oca in MP. QK 
ocU IU NU. oo 


5' TGC CAC CAT 

ppp ATP PAP 

CAA AGA 3* 


AbUblU 


ocn i r\ ma. oe 
ohU IU NU. ob 


5' GCAAGG 

r*AT oaa r*~Tf~* 

CTAGGTATT3' 


OCA ir\ MA- Q7 

ohU IU NU. of 


5' GGTTTCTTC 

TTp PA A TPT 

1 1 0 o Ab 1 L> 1 

AAT CAG 3' 


AdUdTI 


CCO IPl MA. QQ 

obU IU NU. oo 


5' TTG TCA TTG 

ppp Ajp opt 

TGT CCA 3' 


OCA ir* MA- QQ 

obU IU NU. oy 


5' AGA GCA TCC 

APP PTT TOO 

AOO U 1 1 1 OU 

CTATCC3' 












ABCC1 


SEQ ID NO: 90 


CI ^/^T OOO A 

5 GCT CCC ATC 
ACC TCT AAC 
ATC CTT 3" 


SEQ ID NO: 91 


CI TO A OOA OOT 

5 TGA GCA GGT 
ACC ATG AGA 
GGG AAA 3' 


ABCC2 


SEQ ID NO: 92 


5 GTA GCA 
TGG AGAAGA 
TTG GTG TGG 3* 


SEQ ID NO: 93 


CI /*"> T A /"^ "T" A /"*» 

5 GGG TAG TAG 
GTT CAT GGG 
TGT TCA 3' 


ABCC3 


SEQ ID NO: 94 


5* CAA GAG 
CCG CAT CCT 
GGT TTT AGA 3' 


SEQ ID NO: 95 


5 TTT AAT GGA 
TTC AGG CAG 
CAC CCC 3' 


ABCC4 


SEQ ID NO: 96 


5 TGG GAA 
GAA CCG GAG 
CTG GAA AAA 3' 


SEQ ID NO: 97 


5 AAT GCC TTC 
GGA ACG GAC 
TTG ACA 3' 


A OOO C 

ABCC5 


SEQ ID NO: 98 


5'AAGGAA 

OAO OTO TOO 

GAC GTG TGG 
CAA TAG TGG 3' 


SEQ ID NO: 99 


5* AAA CCA CAC 

A OO A A O O A 0> 

AGC AAC CAG 
CAA CCT 3' 


ABCC6 


SEQ ID NO: 
100 


5* TCG TGT CAG 

TOO AOO OOA 

TGG AGC GGA 
TGC AGG y 


SEQ ID NO: 
101 


5' CTG CCA CCT 

OOO OOT TOT 

GCC CCT TGT 
CCA TGA 3' 


ABCC7 


SEQ ID NO: 
102 


5' TCT TTC ACA 

OOO /"> A O AOO 

GGG GAC AGG 
ATG GTT 3' 


SEQ ID NO: 
103 


5' CAG TTT GGA 

PTT O A O A A O 

GTT GAG AAG 
GCA GTG 3' 


ABCC8 


SEQ ID NO: 
104 


5' AAA CCG 

AOO OAO^ AOA 

AGG CAG AGA 
GCTACGAGG 
3' 


crA i r\ kio. 

SEQ ID NO: 
105 


5' TGG GCT CTG 
GCA GGT CAC 
TTG TCT 3' 


ABCC9 


SEQ ID NO: 
106 


5 TGG GTG 
CAGTGAAGA 
AGG TGA ACA 3' 


SEQ ID NO: 
107 


CI OTO OOO O A A 

5 GTG GGC GAA 
CAA ATT TGG 
GAC AGT 3' 


ABCClOb 


SEQ ID NO: 
108 


CI TOT TOO OTO 

5 TCT TCC CTG 
TTG TTG GTG 
! CTC TTC 3' 


SEQ ID NO: 
109 


CI "T"/™* A AAA T" /">/*> 

5 TGA AAA TGC 
AAG TGG GCT 
CCT ATG 3' 


ABCC11 


SEQ ID NO: 
110 


5' GAT TCT CAT 
TGA CGG CGT 
GGA CAT 3' 


SEQ ID NO: 
111 


5' TGG TTC TGG 
GGT TCT AAG 
GTC TTG 3' 


i ABCC12a 


SEQ ID NO: 
112 


5" CTG GTT ATG 
GAAAATGGG 
AAG GTG 3' 


SEQ ID NO: 
113 


5' TTG CAA GGC 
GAC ATT TCA 
GGGTAA3' 


ABCC13 


SEQ ID NO: 
114 


5' GCA CCT 
GTG GGC CAT 
ACT AAA AGA 3' 


SEQ ID NO: 
115 


5'TAACAAACA 
CAA GGA CTG 
CCA CCC 3' 
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ABCD1 


SEQ ID NO: 
116 


5' TTC CCT CCT 
CGT CAG TCT 
CTC AAA 3' 


SEQ ID NO: 
117 


5* TCT TTG GCA 
CTG AGC TGG 
GAA CAT 3' 


ABCD2 


SEQ ID NO: 
118 


5' GTG GCC 

A A ^S. "If A A A 

AAC TAA ACC 

•"T"^-v"T» A f> A AAA Ol 

TGT ACA AAA 3 


SEQ ID NO: 
119 


5' ACA AAA GAG 

A i*^ TAA A 

CAC TAA ACC 

A /"% A /"> A /*N Ol 

ACpA (jACs o 


ABCD3 


SEQ ID NO: 
120 


5'TACTCATTC 
CTT GTG TGT 
GTC TTG 3 


SEQ ID NO: 
121 


5' CTT CGG TAG 
CCA GTG ATT 

/-» r r ATA 
O I 1 Al A 3 


ABCD4 


SEQ ID NO: 
122 


5' CTC CAT ATG 
CTTGAAGTG 
CTG ATT 3 


SEQ ID NO: 
123 


5' AGA AGC CTG 
GCA AAC ATT 

ATO A AO Ql I 

A 1 o AALj o 












ABCE1 


SEQ ID NO: 

124 r 


5' ATT CCC CGC 

AAA AAA *~\ y*H 

AAA AAA CCC 

/■VTA A /"%T Ol 

CTA ACT 3 


SEQ ID NO: 
125 


5' TGG GAG GGT 

A AT AAA /"> /> 

AAT AAA GGG 

AO A TP A Ql 
f\Kj A 1 OA O 












ABCF1 


SEQ ID NO: 
126 


5' TTG GAG 
GCC CTG GGT 
GAA GTC ATG 3' 


SEQ ID NO: 
127 


5' TTT CCT GCC 
CCA AGT CCT 
CAA CCA 3' 


ABCF2 


SEQ ID NO: 
128 


5' TGC TAC CCA 
GAG ATC AAG 
GAG AAG 3' 


SEQ ID NO: 

129 


5' ACT TGG AGC 

T/^i /"» *T*/ » 1 A /"»T 

TGG TGT ACT 
TGG TGA 3' 


ABCF3 


SEQ ID NO: 
130 


5' CCT AAA CGT 
CAG TGC TTG 
TGG AAC 3' 


SEQ ID NO: 
131 


5' TTT ACA TAG 
CAG CCA CTT 
GGG GTC 3' 
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ABCG1 


SEQ ID NO: 
132 


5* CGT CTA GAA 
TCG AGG AGG 
CAA GCC 3' 


SEQ ID NO: 
133 


5* CCA GCT GGG 
TGA CTC GGG 
TTAAAC 3' 


ABCG2 


SEQ ID NO: 
134 


5 CAG TAC TTC 
AGCATTCCA 
CGATAT3' 


SEQ ID NO: 
135 


5 GGG CTA CTA 
ACC TAC CTA 
TTC ATT 3' 


ABCG4 


SEQ ID NO: 
136 


5'ACAGGCACA 
TACATGAGA 
ACA GGC 3" 


SEQ ID NO: 
137 


5'CAGGGATGT 
GTACAGGAA 
AAA GGG 3' 


ABCG5 


SEQ ID NO: 
138 


5' GCC CAG 
GTG CAA CAT 
CTA GAT TCA 3' 


SEQ ID NO: 
139 


5' CCC TCG TGT 
GGA CAT CTG 
CAT TTA 3' 


ABCG8 


SEQ ID NO: 
140 


5'TCAATGACC 
ATC GGC TTC 
CTC TAT 3' 


SEQ ID NO: 
141 


5' ACG TAG TAC 
AGG ACC ATG 
AAG CCA 3' 
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WE CLAIM : 

1 . One or more isolated and purified nucleic acid molecules, wherein each of the 
nucleic acid molecules comprises a sequence that specifically hybridizes to one ABC 
transporter gene. 

5 2. The one or more nucleic acid molecules according to claim 1 wherein the 
nucleic acid molecules comprise a portion of the 3' untranslated region of the ABC 
transporter gene. 

3. A set of at least two nucleic acid molecules, wherein each of the nucleic acid 
molecules comprises a sequence that specifically hybridizes to one ABC transporter 

10 gene. 

4. The set according to claim 3, wherein the set comprises at least 10 nucleic 
acid molecules. 

5. The set according to claim 3, wherein the set comprises at least 20 nucleic 
acid molecules. 

15 6. The set according to claim 3, wherein the set comprises at least 30 nucleic 
acid molecules. 

7. The set according to claim 3, wherein the set comprises 48 nucleic acid 
molecules, 

8. The set according to any of claims 2-7, wherein the nucleic acid molecules 
20 comprise a portion of the 3' untranslated region of the ABC transporter gene. 

9. The one or more nucleic acid molecules according to claim 1 or 2, wherein the 
one or more nucleic acid molecules comprise a nucleic acid sequence selected from: 

(a) the nucleic acid sequences as shown in SEQ ID NOS: 1 to 47 and Figures 
1 to 47, wherein T can also be U; 
25 (b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologous to (a) or (b); or 

(d) a fragment of (a) to (c), which comprises a sequence that specifically 
hybridizes to one of the ABC transporter genes. 

1 0. The set according to claim 8, wherein the nucleic acid molecules comprise a 
30 nucleic acid sequence selected from: 

(a) the nucleic acid sequences as shown in SEQ ID NOS: 1 to 47 and Figures 
1 to 47, wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); 
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(c) nucleic acid sequences which are homologous to (a) or (b); or 

(d) a fragment of (a) to (c), which comprises a sequence that specifically 
hybridizes to one of the ABC transporter genes. 

11. One or more pairs of primers for preparing the one or more nucleic acid 
5 molecules, according to claim 1 or 2. 

12. One or more pairs of primers for preparing the nucleic acid molecules 
according to any one or claims 3-1 0. 

13. The one or more pairs of primers according to claim 11 or 12, wherein the 
primers comprise a nucleic acid sequence selected from: 

10 (a) a nucleic acid sequence as shown in SEQ ID NOS: 48 to 141 and Table 1, 

wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); or 

(c) nucleic acid sequences which are homologous to (a) or (b). 

14. The one or more pairs of primers according to any one of claims 11-13, 
15 wherein the primer pairs comprise a nucleic acid sequence selected from one or 

more of: 

(a) SEQ ID NO: 48 and SEQ ID NO: 49; 

SEQ ID NO: 50 and SEQ ID NO: 51; 

SEQ ID NO: 52 and SEQ ID NO: 53; 
20 SEQ ID NO: 54 and SEQ ID NO: 55; 

SEQ ID NO: 56 and SEQ ID NO: 57; 

SEQ ID NO: 58 and SEQ ID NO: 59; 

SEQ ID NO: 60 and SEQ ID NO: 61; 

SEQ ID NO: 62 and SEQ ID NO: 63; 
25 SEQ ID NO: 64 and SEQ ID NO: 65; 

SEQ ID NO: 66 and SEQ ID NO: 67; 

SEQ ID NO: 68 and SEQ ID NO: 69; 

SEQ ID NO: 70 and SEQ ID NO: 71 ; 

SEQ ID NO: 72 and SEQ ID NO: 73; 
30 SEQ ID NO: 74 and SEQ ID NO: 75; 

SEQ ID NO: 76 and SEQ ID NO: 77; 

SEQ ID NO: 78 and SEQ ID NO: 79; 

SEQ ID NO: 80 and SEQ ID NO: 81; 
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10 



15 



20 



25 



30 



SEQ ID NO: 82 and SEQ ID NO: 83; 
SEQ ID NO: 84 and SEQ ID NO: 85; 
SEQ ID NO: 86 and SEQ ID NO: 87; 
SEQ ID NO: 88 and SEQ ID NO: 89; 
SEQ ID NO: 90 and SEQ ID NO: 91; 
SEQ ID NO: 92 and SEQ ID NO: 93; 
SEQ ID NO: 94 and SEQ ID NO: 95; 
SEQ ID NO: 96 and SEQ ID NO: 97; 
SEQ ID NO: 98 and SEQ ID NO: 99; 
SEQ ID NO: 100 and SEQ ID NO: 101; 
SEQ ID NO: 102 and SEQ ID NO: 103; 
SEQ ID NO: 104 and SEQ ID NO: 105; 
SEQ ID NO: 106 and SEQ ID NO: 107; 
SEQ ID NO: 108 and SEQ ID NO: 109; 
SEQ ID NO: 110 and SEQ ID NO: 111; 
SEQ ID NO: 1 1 2 and SEQ ID NO: 1 1 3; 
SEQ ID NO: 114 and SEQ ID NO: 115; 
SEQ ID NO: 1 1 6 and SEQ ID NO: 1 1 7; 
SEQ ID NO: 118 and SEQ ID NO: 119; 
SEQ ID NO: 120 and SEQ ID NO: 121; 
SEQ ID NO: 122 and SEQ ID NO: 123; 
SEQ ID NO: 124 and SEQ ID NO: 125; 
SEQ ID NO: 126 and SEQ ID NO: 127; 
SEQ ID NO: 128 and SEQ ID NO: 129; 
SEQ ID NO: 130 and SEQ ID NO: 131; 
SEQ ID NO: 132 and SEQ ID NO: 133; 
SEQ ID NO: 134 and SEQ ID NO: 135; 
SEQ ID NO: 136 and SEQ ID NO: 137; 
SEQ ID NO: 138 and SEQ ID NO: 139; and 
SEQ ID NO: 140 and SEQ ID NO: 141; 

(b) the nucleic acid sequences in (a) wherein T can also be U; 

(c) nucleic acid sequences complementary to (a) or (b); and 

(d) nucleic acid sequences which are homologous to (a), (b) or (c). 
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15. One or more nucleic acid molecules prepared using PCR and the one or more 
pairs of primers according to claim 14. 

16. A method of detecting ABC transporter gene expression comprising: 

(a) providing one or more nucleic acid molecules comprising a sequence that 
5 specifically hybridizes to one ABC transporter gene; 

(b) providing transcription indicators from a test sample; 

(b) allowing the transcription indicators to hybridize with said one or more 
nucleic acid molecules; and 

(c) detecting an amount of hybridization of said transcription indicators with 
10 said one or more nucleic acid sequences, 

wherein the amount of hybridization is indicative of ABC transporter gene 
expression. 

17. The method according to claim 16 wherein the one or more nucleic acid 
molecules comprising a sequence that specifically hybridizes to one ABC transporter 

1 5 gene comprise a nucleic acid sequence selected from: 

(a) the nucleic acid sequences as shown in SEQ ID NOS: 1 to 47 and Figures 
1 to 47, wherein T can also be U; 

(b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologous to (a) or (b); or 

20 (d) a fragment of (a) to (c), which comprises a sequence that specifically 

hybridizes to one of the ABC transporter genes. 

18. The method according to claim 16, wherein the one or more nucleic acid 
molecules comprising a sequence that specifically hybridizes to one ABC transporter 
gene are prepared using PCR and the primer pairs according to claim 14. 

25 19. The method according to any one of claims 16-18 wherein the transcription 
indicators are selected from the group consisting of transcripts of the gene or genes, 
cDNA reverse transcribed from the transcript, cRNA transcribed from the cDNA, 
DNA amplified from the genes, RNA transcribed from amplified DNA, and the like. 

20. The method according to claim 19, wherein the transcription indicator is 
30 cDNA. 

21. The method according to any one of claims 15-20, wherein the transcription 
indicator is labeled. 

22. The method according to any one of claims 15-21 , wherein the test sample is 



Pnmi nrnui/larl W\r I IQDTO fmm Iho 1P\A/ ImarfA Database on 12/28/2004 



55 



from a human. 

23. The method according to any one of claims 15-22, wherein the test sample is 
selected from one or more cells, cell lines, tissues and organisms. 

24. The method according to any one of claims 15-22, wherein the test sample is 
5 a clinical sample. 

25. The method according to any one of claims 15-23 performed in microarray 
format. 

26. A microarray comprising one or more nucleic acid molecules arrayed on a 
substrate, wherein the one or more nucleic acid molecules are selected from those 

10 claimed in claim 1 , 2 and 9. 

27. A microarray comprising the set of two or more nucleic acid molecules 
according to any one of claims 3-8, arrayed on a substrate. 

28. The microarray according to any one of claims 26-27 further comprising one 
or more control nucleic acid molecules arrayed on the substrate. 

15 29. The microarray according to claim 18, wherein the one or more expression 
level control is used. 

30. The method according to any one of claims 16-25, further comprising the 
steps of: 

a) generating a set of expression data from the detection of the amount of 
20 hybridization; 

b) storing the data in a database; and 

c) performing comparative analysis on the set of expression data, thereby 
analyzing ABC transporter gene expression. 

31. A computer system comprising (a) a database containing information 
25 identifying the expression level of a set of genes comprising at least two ABC 

transporter genes; and b) a user interface to view the information. 

32. The computer system according to claim 31, wherein the information 
identifying the expression level of a set of genes comprising at least two ABC 
transporter genes is obtained using a method according to any one of claims 16-25 

30 and 30. 
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33. A method for screening compounds for their effect on ABC transporter gene 
expression comprising: 

(a) exposing a test sample to the compound; 

(b) providing a transcription indicator from the test sample; 

5 (c) providing one or more nucleic acid sequences comprising a sequence that 

specifically hybridizes to one ABC transporter gene; 

(d) allowing said transcription inhibitor to hybridize with said one or more 
nucleic acid sequences; and 

(e) detecting an amount of hybridization of said transcription indicator with 
10 said one or more nucleic acid sequences, 

wherein the amount of hybridization is indicative ABC transporter gene expression. 

34. The method according to claim 33 further comprises the steps of 

(f) comparing the amount of hybridization detected in step (e) with the 
amount of hybridization of transcription indicators from a normal test 

15 sample, thereby determining the effect of the compound on ABC 

transporter gene expression. 

35. A method for screening compounds for their effect on ABC transporter gene 
expression comprising: 

(a) preparing an ABC transporter gene expression profile, using a method 
20 according to any one of claims 16-25 and 30, of a test sample that has 

been exposed to the compound; 

(b) comparing the gene expression profile from (a) with a gene expression 
profile, prepared using a method according to any one of claims 16-25 and 
30, from a normal test sample, 

25 wherein differential expression is indicative of a compound having an effect on ABC 
transporter gene expression. 

36. A method of assessing the toxicity and/or efficacy of a compound in a subject 
comprising: 

(a) obtaining a test sample from the subject; 
30 (b) comparing the ABC transporter gene expression profile of the test sample 

in the presence and absence of the compound using a method according 
to any one of clams 16-15 and 30. 
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wherein a difference in the ABC transporter gene expression is indicative of the 
toxicity and/or efficacy of the compound in the subject. 

37. The method according to any one of claims 33-36 wherein the amount of 
hybridization is detected over a period of time at specified time intervals. 
5 38. A kit combining, in different combinations, a nucleic acid microarray according 
to any one of claims 26-29, reagents for use with the microarrays, signal detection 
and array-processing instruments, gene expression databases and analysis and 
database management software. 

39. A relational database comprising ABC transporter gene expression profiles 
10 obtained using the method according to any one of claims 16-25, 30 and 33-36. 

40. The database according to claim 39, further comprising information selected 
from the group consisting of sequence information, descriptive information about the 
gene associated with the sequence information and the clinical status of the test 
sample and/or its source. 
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ABSTRACT OF THE DISCLOSURE 

The invention provides materials and methods for detecting the expression of 
ABC transporter genes. The materials include sets of primers and PCR amplicons. 
The sets of primers are used to generate PCR amplicons, wherein each PCR 
5 amplicon is a unique portion of an ABC transporter gene. The methods of the 
invention include hybridization assays, such as DNA microarrays. Kits and assays 
for the detection of ABC transporter gene expression are also provided by the 
invention. In addition, the use of the materials and methods of the invention in drug 
screening assays is provided. 
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abcal, 2032 bases, 11BB checksum. 

aatattttttgagtgtatgctgtagctgaaagagtatgtacgtacgtata 
agactagagagatattaagtctcagtacacttcctgtgccatgttattca 
gctcactggtttacaaatataggttgtcttgtggttgtaggagcccactg 
taacaatactgggcagcctttttttttttttttttaattgcaacaatgca 
aaagccaagaaagtataagggtcacaagtctaaacaatgaattcttcaac 
agggaaaacagctagcttgaaaacttgctgaaaaacacaacttgtgttta 
tggcatttagtaccttcaaataattggctttgcagatattggatacccca 
ttaaatctgacagtctcaaatttttcatctcttcaatcactagtcaagaa 
aaatataaaaacaacaaatacttccatatggagcatttttcagagttttc 
taacccagtcttatttttctagtcagtaaacatttgtaaaaatactgttt 
cactaatacttactgttaactgtcttgagagaaaagaaaaatatgagaga 
actattgtttggggaagttcaagtgatctttcaatatcattactaacttc 
ttccactttttccagaatttgaatattaacgctaaaggtgtaagacttca 
gatttcaaattaatctttctatattttttaaatttacagaatattatata 
acccactgctgaaaaagaaaaaaatgattgttttagaagttaaagtcaat 
attgattttaaatataagtaatgaaggcatatttccaataactagtgata 
tggcatcgttgcattttacagtatcttcaaaaatacagaatttatagaat 
aatttctcctcatttaatatttttcaaaatcaaagttatggtttcctcat 
tttactaaaatcgtattctaattcttcattatagtaaatctatgagcaac 
tccttacttcggttcctctgatttcaaggccatattttaaaaaatcaaaa 
ggcactgtgaactattttgaagaaaacacaacattttaatacagattgaa 
aggacctcttctgaagctagaaacaatctatagttatacatcttcattaa 
tactgtgttaccttttaaaatagtaattttttacattttcctgtgtaaac 
ctaattgtggtagaaatttttaccaactctatactcaatcaagcaaaatt 
tctgtatattccctgtggaatgtacctatgtgagtttcagaaattctcaa 
aatacgtgttcaaaaatttctgcttttgcatctttgggacacctcagaaa 
acttattaacaactgtgaatatgagaaatacagaagaaaataataagccc 
tctatacataaatgcccagcacaattcattgttaaaaaacaaccaaacct 
cacactactgtatttcattatctgtactgaaagcaaatgctttgtgacta 
ttaaatgttgcacatcattcattcactgtatagtaatcattgactaaagc 
catttgtctgtgttttcttcttgtggttgtatatatcaggtaaaatattt 
tccaaagagccatgtgtcatgtaatactgaaccactttgatattgagaca 
ttaatttgtacccttgttattatctactagtaataatgtaatactgtaga 
aatattgctctaattcttttcaaaattgttgcatcccccttagaatgttt 
ctatttccataaggatttaggtatgctattatcccttcttataccctaag 
atgaagctgtttttgtgctctttgttcatcattggccctcattccaagca 
ctttacgctgtctgtaatgggatctatttttgcactggaatatctgagaa 
ttgcaaaactagacaaaagtttcacaacagatttctaagttaaatcatfct 
tcattaaaaggaaaaaagaaaaaaaattttgtatgtcaataactttatat 
gaagtattaaaatgcatatttctatgttgtaatataatgagtcacaaaat 
aaagctgtgacagttctgttggtctacagaaa 
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abca2, 2054 bases, 1765 checksum. 

gagtgggacattgtcacccgcggactggtggccatggcggttgagggcgt 
cgtgggcttcctcctgaccatcatgtgccagtacaacttcctgcggcggc 
cacagcgcatgcctgtgtctaccaagcctgtggaggatgatgtggacgtg 
gccagtgagcggcagcgagtgctccggggagacgccgacaatgacatggt 
caagattgagaacctgaccaaggtctacaagtcccggaagattggccgta 
tcctggccgttgaccgcctgtgcctgggtgtgcgtcctggcgagtgcttc 
gggctcctgggcgtcaacggtgcgggcaagaccagcaccttcaagatgct 
gaccggcgacgagagcacgacggggggcgaggccttcgtcaatggacaca 
gcgtgctgaaggagctgctccaggtgcagcagagcctcggctactgcccg 
cagtgtgacgcgctgttcgacgagctcacggcccgggagcacctgcagct 
gtacacgcggctgcgtgggatctcctggaaggacgaggcccgggtggtga 
agtgggctctggagaagctggagctgaccaagtacgcagacaagccggct 
ggcacctacagcggcggcaacaagcggaagctctccacggccatcgccct 
cattgggtacccagccttcatcttcctggacgagcccaccacaggcatgg 
accccaaggcccggcgcttcctctggaacctcatcctcgacctcatcaag 
acagggcgttcagtggtgctgacatcacacagcatggaggagtgcgaggc 
gctgtgcacgcggctggccatcatggtgaacggtcgcctgcggtgcctgg 
gcagcatccagcacctgaagaaccggtttggagatggctacatgatcacg 
gtgcggaccaagagcagccagagtgtgaaggacgtggtgcggttcttcaa 
ccgcaacttcccggaagccatgctcaaggagcggcaccacacaaaggtgc 
agtaccagctcaagtcggagcacatctcgctggcccaggtgttcagcaag 
atggagcaggtgtctggcgtgctgggcatcgaggactactcggtcagcca 
gaccacactggacaatgtgttcgtgaactttgccaagaagcagagtgaca 
acctggagcagcaggagacggagccgccatccgcactgcagtcccctctc 
ggctgcttgctcagcctgctccggccccggtctgcccccacggagctccg 
ggcacttgtggcagacgagcccgaggacctggacacggaggacgagggcc 
tcatcagcttcgaggaggagcgggcccagctgtccttcaacacggacacg 
ctctgctgaccacccagagctgggccagggaggacacgctccactgacca 
cccagagctgggccagggactcaacaatggggacagaagtcccccagtgc 
ctgccagggcctggagtggaggttcaggaccaaggggcttctggtcctcc 
agcccctgtactcggccatgccctgcggtcactgcggttgccgcccctaa 
ttgtgccaaaggctgacccggcccgggctgcgtacacccttgccctgctt 
tgccttaaagcctcggggtctgcccggcccctcgcccctgcctggcactg 
ctcaccgcccaaggcgacgccggctggaccaggcactgctggcctttctc 
ctgcccggcctcggaaccagcttttctctcttacgatgaaggctgatgcc 
gagagcgggctgtgggcggagctgggtcagtcccgtatttattttgcttt 
gagaagaggctcctctggccctgctctcctgcagggaggtggctgtcccg 
cgggaagccatcagcttgggccagctggcaggtggcaggaatggagaagc 
tgaccctgctggccaggcaaggggccagaccccccccaacccccagctgc 
catcgctctcccacccagcttggccccctgcccgcccacctccctgggag 
ccgggcctgtacatagcgcacagatgtttgttttaaataaataaacaaaa 
tgtc 
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abca3, 2011 bases, 91 checksum, 

gcctccatggccgcctcagggtgcgcctacctcatcctgctcttcctcat 

cgagaccaacctgcttcagagactcaggggcatcctctgcgccctccgga 

ggaggcggacactgacagaattatacacccggatgcctgtgcttcctgag 

gaccaagatgtagcggacgagaggacccgcatcctggcccccagcccgga 

ctccctgctccacacacctctgattatcaaggagctctccaaggtgtacg 

agcagcgggtgcccctcctggccgtggacaggctctccctcgcggtgcag 

aaaggggagtgcttcggcctgctgggcttcaatggagccgggaagaccac 

gactttcaaaatgctgaccggggaggagagcctcacttctggggatgcct 

ttgtcgggggtcacagaatcagctctgatgtcggaaaggtgcggcagcgg 

atcggctactgcccgcagtttgatgccttgctggaccacatgacaggccg 

ggagatgctggtcatgtacgctcggctccggggcatccctgagcgccaca 

tcggggcctgcgtggagaacactctgcggggcctgctgctggagccacat 

gccaacaagctggtcaggacgtacagtggtggtaacaagcggaagctgag 

caccggcatcgccctgatcggagagcctgctgtcatcttcctggacgagc 

cgtccactggcatggaccccgtggcccggcgcctgctttgggacaccgtg 

gcacgagcccgagagtctggcaaggccatcatcatcacctcccacagcat 

ggaggagtgtgaggccctgtgcacccggctggccatcatggtgcaggggc 

agttcaagtgcctgggcagcccccagcacctcaagagcaagttcggcagc 

ggctactccctgcgggccaaggtgcagagtgaagggcaacaggaggcgct 

ggaggagttcaaggccttcgtggacctgacctttccaggcagcgtcctgg 

aagatgagcaccaaggcatggtccattaccacctgccgggccgtgacctc 

agctgggcgaaggttttcggtattctggagaaagccaaggaaaagtacgg 

cgtggacgactactccgtgagccagatctcgctggaacaggtcttcctga 

gcttcgcccacctgcagccgcccaccgcagaggaggggcgatgaggggtg 

gcggctgtctcgccatcaggcagggacaggacgggcaagcagggcccatc 

ttacatcctctctctccaagtttatctcatcctttatttttaatcacttt 

tttctatgatggatatgaaaaattcaaggcagtatgcacagaatggacga 

gtgcagcccagccctcatgcccaggatcagcatgcgcatctccatgtctg 

catactctggagttcactttcccagagctggggcaggccgggcagtctgc 

gggcaagctccggggtctctgggtggagagctgacccaggaagggctgca 

gctgagctgggggttgaatttctccaggcactccctggagagaggaccca 

gtgacttgtccaagtttacacacgacactaatctcccctggggaggaagc 

gggaagccagccaggttgaactgtagcgaggcccccaggccgccaggaat 

ggaccatgcagatcactgtcagtggagggaagctgctgactgtgattagg 

tgctggggtcttagcgtccagcgcagcccgggggcatcctggaggctctg 

ctcccttagggcatggtagtcaccgcgaagccgggcaccgtcccacagca 

tctcctagaagcagccggcacaggagggaaggtggccaggctcgaagcag 

tctctgtttccagcactgcaccctcaggaagtcgcccgccccaggacacg 

cagggaccaccctaagggctgggtggctgtctcaaggacacattgaatac 

gttgtgaccatccagaaaataaatgctgaggggacacaaaaaaaaaaaaa 

aaaaaaaaaaa 



rnnu nrAwiHoH hu UQPTO from the 1FW Imaae Database on 12/28/2004 
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abca4, 2058 bases, F7B checksum. 

acttcctctgggacatcatgaattattccgtgagtgctgggctggtggtg 
ggcatcttcatcgggtttcagaagaaagcctacacttctccagaaaacct 
tcctgcccttgtggcactgctcctgctgtatggatgggcggtcattccca 
tgatgtacccagcatccttcctgtttgatgtccccagcacagcctatgtg 
gctttatcttgtgctaatctgttcatcggcatcaacagcagtgctattac 
cttcatcttggaattatttgataataaccggacgctgctcaggttcaacg 
ccgtgctgaggaagctgctcattgtcttcccccacttctgcctgggccgg 
ggcctcattgaccttgcactgagccaggctgtgacagatgtctatgcccg 
gtttggtgaggagcactctgcaaatccgttccactgggacctgattggga 
agaacctgtttgccatggtggtggaaggggtggtgtacttcctcctgacc 
ctgctggtccagcgccacttcttcctctcccaatggattgccgagcccac 
taaggagcccattgttgatgaagatgatgatgtggctgaagaaagacaaa 
gaattattactggtggaaataaaactgacatcttaaggctacatgaacta 
accaagatttatctgggcacctccagcccagcagtggacaggctgtgtgt 
cggagttcgccctggagagtgctttggcctcctgggagtgaatggtgccg 
gcaaaacaaccacattcaagatgctcactggggacaccacagtgacctca 
ggggatgccaccgtagcaggcaagagtattttaaccaatatttctgaagt 
ccatcaaaatatgggctactgtcctcagtttgatgcaatcgatgagctgc 
tcacaggcicgagaacatctttacctttatgcccggcttcgaggtgtacca 
gcagaagaaatcgaaaaggttgcaaactggagtattaagagcctgggcct 
gactgtctacgccgactgcctggctggcacgtacagtgggggcaacaagc 
ggaaactctccacagccatcgcactcattggctgcccaccgctggtgctg 
ctggatgagcccaccacagggatggacccccaggcacgccgcatgctgtg 
gaacgtcatcgtgagcatcatcagaaaagggagggctgtggtcctcacat 
cccacagcatggaagaatgtgaggcactgtgtacccggctggccatcatg 
gtaaagggcgcctttcgatgtatgggcaccattcagcatctcaagtccaa 
atttggagatggctatatcgtcacaatgaagatcaaatccccgaaggacg 
acctgcttcctgacctgaaccctgtggagcagttcttccaggggaacttc 
ccaggcagtgtgcagagggagaggcactacaacatgctccagttccaggt 
ctcctcctcctccctggcgaggatcttccagctcctcctctcccacaagg 
acagcctgctcatcgaggagtactcagtcacacagaccacactggaccag 
gtgtttgtaaattttgctaaacagcagactgaaagtcatgacctccctct 
gcaccctcgagctgctggagccagtcgacaagcccaggactgatctttca 
caccgctcgttcctgcagccagaaaggaactctgggcagctggaggcgca 
ggagcctgtgcccatatggtcatccaaatggactggcccagcgtaaatga 
ccccactgcagcagaaaacaaacacacgaggagcatgcagcgaattcaga 
aagaggtctttcagaaggaaaccgaaactgacttgctcacctggaacacc 
tgatggtgaaaccaaacaaatacaaaatccttctccagaccccagaacta 
gaaaccccgggccatcccactagcagctttggcctccatattgctctcat 
ttcaagcagatctgcttttctgcatgtttgtctgtgtgtctgcgttgtgt 
gtgattttcatggaaaaataaaatgcaaatgcactcatcacaaaaaaaaa 
aaaaaaaa 
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abca5, 2 045 bases, 263B checksum. 

tatgggatacacaattgcaactattcttcattatgccttttgtatcatca 

ttccaatctatccacttctaggttgcctgatttctttcataaagatttct 

tggaagaatgtacgaaaaaatgtggacacctataatccatgggataggct 

ttcagtagctgttatatcgccttacctgcagtgtgtactgtggattttcc 

tcttacaatactatgagaaaaaatatggaggcagatcaataagaaaagat 

ccctttttcagaaacctttcaacgaagtctaaaaataggaagcttccaga 

accaccagacaatgaggatgaagatgaagatgtcaaagctgaaagactaa 

aggtcaaagagctgatgggttgccagtgttgtgaggagaaaccatccatt 

atggtcagcaatttgcataaagaatatgatgacaagaaagattttcttct 

ttcaagaaaagtaaagaaagtggcaactaaatacatctctttctgtgtga 

aaaaaggagagatcttaggactattgggtccaaatggtgctggcaaaagc 

acaattattaatattctggttggtgatattgaaccaacttcaggccaggt 

atttttaggagattattcttcagagacaagtgaagatgatgattcactga 

agtgtatgggttactgtcctcagataaaccctttgtggccagatactaca 

ttgcaggaacattttgaaatttatggagctgtcaaaggaatgagtgcaag 

tgacatgaaagaagtcataagtcgaataacacatgcacttgatttaaaag 

aacatcttcagaagactgtaaagaaactacctgcaggaatcaaacgaaag 

ttgtgttttgctctaagtatgctagggaatcctcagattactttgctaga 

tgaaccatctacaggtatggatcccaaagccaaacagcacatgtggcgag 

caattcgaactgcatttaaaaacagaaagcgggctgctattctgaccact 

cactatatggaggaggcagaggctgtctgtgatcgagtagctatcatggt 

gtctgggcagttaagatgtatcggaacagtacaacatctaaagagtaaat 

ttggaaaaggctactttttggaaattaaattgaaggactggatagaaaac 

ctagaagtagaccgccttcaaagagaaattcagtatattttcccaaatgc 

aagccgtcaggaaagtttttcttctattttggcttataaaattcctaagg 

aagatgttcagtccctttcacaatctttttttaagctggaagaagctaaa 

catgcttttgccattgaagaatatagcttttctcaagcaacattggaaca 

ggtttttgtagaactcactaaagaacaagaggaggaagataatagttgtg 

gaactttaaacagcacactttggtgggaacgaacacaagaagatagagta 

gtattttgaatttgtattgttcggtctgcttactgggacttctttctttt 

tcacttaattttaactttggtttaaaaagttttttattggaatggtaact 

ggagaaccaagaacgcacttgaaatttttctaagctccttaattgaaatg 

ctgtggttgtgtgttttgcttttctttaaataaaacgtatgtataattaa 

gtgaagctgcatgtttgtattgaagtatattgaactatatagtttgtatg 

tcatctttttcaccattcagaaacagtgcttctgaatttgtgatttaaag 

gaattgtaatagaatagttttatttttaagttatctttaagtttatgcca 

tcttcttaaataagtacgtaatgttccaatctaaataaaaaactaataca 

taactaatgcatagaaaagatacataaagcaatgtgaaagtttcttgctt 

ctcctttttaatttctaaaaaagccactttgaatggaagttgtcatccgt 

aaaagctgaagtgtaagcactaggaaatctcaatatagagatttgaggaa 

agttatatccactaggtggcagtcattgatcataataagtgaaat 
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abca6, 2016 bases, 1AE checksum. 

atcagtgattacaagaaaaatgctaagtcccagctatggatttcaggcct 
ctacacttctgcttactggtgtgggcaggcactagtggacgtcagcttct 
tcattttaattctccttttaatgtatttaattttctacatagaaaacatg 
cagtaccttcttattacaagccaaattgtgtttgctttggttatagttac 
tcctggttatgcagcttctcttgtcttcttcatatatatgatatcattta 
tttttcgcaaaaggagaaaaaacagtggcctttggtcattttacttcttt 
tttgcctccaccatcatgttttccatcactttaatcaatcattttgacct 
aagtatattgattaccaccatggtattggttccttcatataccttgcttg 
gatttaaaacttttttggaagtgagagaccaggagcactacagagaattt 
ccagaggcaaattttgaattgagtgccactgattttctagtctgcttcat 
accctactttcagactttgctattcgtttttgttctaagatgcatggaac 
taaaatgtggaaagaaaagaatgcgaaaagatcctgttttcagaatttcc 
ccccaaagtagagatgctaagccaaatccagaagaacccatagatgaaga 
tgaagatattcaaacagaaagaataagaacagccactgctctgaccactt 
caatcttagatgagaaacctgttataattgccagctgtctacacaaagaa 
tatgcaggccagaagaaaagttgcttttcaaagaggaagaagaaaatagc 
agcaagaaatatctctttctgtgttcaagaaggtgaaattttgggattgc 
taggacccagtggtgctggaaaaagttcatctattagaatgatatctggg 
atcacaaagccaactgctggagaggtggaactgaaaggctgcagttcagt 
tttgggccacctggggtactgccctcaagagaacgtgctgtggcccatgc 
tgacgttgagggaacacctggaggtgtatgctgccgtcaaggggctcagg 
aaagcggacgcgaggctcgccatcgcaagattagtgagtgctttcaaact 
gcatgagcagctgaatgttcctgtgcagaaattaacagcaggaatcacga 
gaaagttgtgttttgtgctgagcctcctgggaaactcacctgtcttgctc 
ctggatgaaccatctacgggcatagaccccacagggcagcagcaaatgtg 
gcaggcaatccaggcagtcgttaaaaacacagagagaggtgtcctcctga 
ccacccataacctggctgaggcggaagccttgtgtgaccgtgtggccatc 
atggtgtctggaaggcttagatgcattggctccatccaacacctgaaaaa 
caaacttggcaaggattacattctagagctaaaagtgaaggaaacgtctc 
aagtgactttggtccacactgagattctgaagcttttcccacaggctgca 
gggcaggaaaggtattcctctttgttaacctataagctgcccgtggcaga 
cgtttaccctctatcacagacctttcacaaattagaagcagtgaagcata 
actttaacctggaagaatacagcctttctcagtgcacactggagaaggta 
ttcttagagctttctaaagaacaggaagtaggaaattttgatgaagaaat 
tgatacaacaatgagatggaaactcctccctcattcagatgaaccttaaa 
acctcaaacctagtaattttttgttgatctcctataaacttatgttttat 
gtaataattaatagtatgtttaattttaaagatcatttaaaattaacatc 
aggtatattttgtaaatttagttaacaaatacataaattttaaaattatt 
cttcctctcaaacataggggtgatagcaaacctgtgataaaggcaataca 
aaatattagtaaagtcacccaaagagtcaggcactgggtattgtggaaat 
aaaactatataaactt 



Uw I ICDTH f mm tha IPW Immp n.ltnhncp on 1 9/9fi/9fin<l 
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abca7a, 2044 bases, 9E9 checksum. 

ccccttgaacctcaccaaggagcagctgtttgaggctgcattgatggcct 
cctcggtggacgtcctcgtctccatctgtgtggtctttgccatgtccttt 
gtcccggccagcttcactcttgtcctcattgaggagcgagtcacccgagc 
caagcacctgcagctcatggggggcctgtcccccaccctctactggcttg 
gcaactttctctgggacatgtgtaactacttggtgccagcatgcatcgtg 
gtgctcatctttctggccttccagcagagggcatatgtggcccctgccaa 
cctgcctgctctcctgctgttgctactactgtatggctggtcgatcacac 
cgctcatgtacccagcctccttcttcttctccgtgcccagcacagcctat 
gtggtgctcacctgcataaacctctttattggcatcaatggaagcatggc 
cacctttgtgcttgagctcttctctgatcagaagctgcaggaggtgagcc 
ggatcttgaaacaggtcttccttatcttcccccacttctgcttgggccgg 
gggcttattgacatggtgcggaaccaggccatggctgatgcctttgagcg 
cttgggagacaggcagttccagtcacccctgcgctgggaggtggtcggca 
agaacctcttggccatggtgatacaggggcccctcttccttctcttcaca 
ctactgctgcagcaccgaagccaactcctgccacagcccagggtgaggtc 
tctgccactcctgggagaggaggacgaggatgtagcccgtgaacgggagc 
gggtggtccaaggagccacccagggggatgtgttggtgctgaggaacttg 
accaaggtataccgtgggcagaggatgccagctgttgaccgcttgtgcct 
ggggattccccctggtgagtgttttgggctgctgggtgtgaatggagcag 
ggaagacgtccacgtttcgcatggtgacgggggacacattggccagcagg 
ggcgaggctgtgctggcaggccacagcgtggcccgggaacccagtgctgc 
gcacctcagcatgggatactgccctcaatccgatgccatctttgagctgc 
tgacgggccgcgagcacctggagctgcttgcgcgcctgcgcggtgtcccg 
gaggcccaggttgcccagaccgctggctcgggcctggcgcgtctgggact 
ctcatggtacgcagaccggcctgcaggcacctacagcggagggaacaaac 
gcaagctggcgacggccctggcgctggttggggacccagccgtggtgttt 
ctggacgagccgaccacaggcatggaccccagcgcgcggcgcttcctttg 
gaacagccttttggccgtggtgcgggagggccgttcagtgatgctcacct 
cccatagcatggaggagtgtgaagcgctctgctcgcgcctagccatcatg 
gtgaatgggcggttccgctgcctgggcagcccgcaacatctcaagggcag 
attcgcggcgggtcacacactgaccctgcgggtgcccgccgcaaggtccc 
agccggcagcggccttcgtggcggccgagttccctgggtcggagctgcgc 
gaggcacatggaggccgcctgcgcttccagctgccgccgggagggcgctg 
cgccctggcgcgcgtctttggagagctggcggtgcacggcgcagagcacg 
gcgtggaggacttttccgtgagccagacgatgctggaggaggtattcttg 
tacttctccaaggaccaggggaaggacgaggacaccgaagagcagaagga 
ggcaggagtgggagtggaccccgcgccaggcctgcagcaccccaaacgcg 
tcagccagttcctcgatgaccctagcactgccgagactgtgctctgagcc 
tccctcccctgcggggccgcggggaggccctgggaatggcaagggcaagg 
tagagtgcctaggagccctggactcaggctggcagaggggctggtgccct 
ggagaaaataaagagaaggctggagagaagccgtggtggtgaaa 



<*A Kw I IQDTO from tha |C\A/ n^nkoca on HO/Oft/Onn4 
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abca8, 2037 bases, 108 checksum. 

ttcattttatcatttttctttttactcttcgatgtctggaatggaagttt 
ggaaagaaatcaatgagaaaggatcctttctttagaatttctccaagaag 
tagtgatgtgtgtcaaaatccagaagaaccagaaggagaggatgaagatg 
ttcagatggaaagagtgagaacagcaaatgccttgaattctactaatttt 
gatgagaagccagtcatcattgccagctgtctacgcaaggagtatgcagg 
gaagaggaaaggctgtttttccaagaggaagaataagatagccacgagaa 
atgtctccttctgtgttagaaaaggtgaagttttaggattattaggacac 
aatggagctggtaaaagcacatccattaaggtgataactggagacacaaa 
accaactgctggacaagtgctactgaaagggagcggtggaggggatgccc 
tggagttcctggggtactgccctcaggagaacgcgctgtggcccaacctg 
acagtgaggcagcacctggaggtgtacgccgccgtgaaagggctgaggaa 
aggggatgctgaggttgccatcacacggttagtggatgcgctcaagctgc 
aggaccagctgaagtctccggtgaagaccttgtcagagggaataaagaga 
aagctgtgctttgtcctgagcatactggggaacccgtcagtggtgcttct 

ggatgagccgtcgaccgggatggaccccgaggggcagcagcaaatgtggc 

aggccatccgggccacctttagaaacacggaaaggggtgccctcctaacc 

acccactacatggcagaggctgaggccgtgtgtgaccgagtggccatcat 

ggtatctgggaggttgagatgtatcggttccatccaacacctgaaaagca 

aatttggcaaagattacctgctggagatgaaggtgaagaacctggcacaa 

gtggagcccctccatgcagagatcctgaggcttttcccccaggctgctcg 

gcaggaaaggtactcctctctgatggtttataagttgccagtggaagatg 

tgcaacctttagcccaagctttcttcaaattagagaaggttaaacagagc 

tttgacctagaggagtacagcctctcacagtctaccctggagcaggtttt 

cctggagctctccaaggagcaggagctgggtgattttgaggaggattttg 

atccctcagtgaagtggaagctcctcccccaggaagagccttaaaacccc 

aaattctgtgttcctgtttaaacccgtggttttttttaaatacatttatt 

tttatagcagcaatgttctatttttagaaactatattataagtacagaaa 

tggttctccgtgtggtgggaggaggaggttcgggtgctgggtaagtgcca 

tgtcagtgtggacagaggcatttgactaagccaacctcctctcacagcct 

ctgtatctctgcaggccatactggttccattgttctgtataatactgaat 

aaataaatttacttttacatgatcgtataagtttctagataagataaaca 

aattctgtttaaatttttttaataaaaatcttaaaacactttttttctaa 

cctagactgagaaattcatgtttacttttctaggtgtatgatactttgta 

aagttgatactttcctaagaatttaacatgtcatatttttgaaatagatt 

taagtgtgcttcttattgctaaaaatactaaatgtcatgggtcatagtat 

ctgatatcaatatcgttgataacatatccacaggtaacaccatgatgtag 

gcataaatggaaaacaaaaaccctactatttcaaatatattgtacttttt 

tatttctgtaagccaactgtgtgccattttcactggacttttaaatctag 

actttagtgatgtctacattgtaaatgatcttttgtggatatttgtcact 

tggtttcagaaagttcacaaatgtagcaacagctcacatgactgagtagg 

tagaaaatgtgaaataaatctcatatatatagttttg 
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abca9, 2041 bases, 1C82 checksum, 

gagaacagtgaatgctatggctgtgcgagactttgatgagacacccgtca 
tcattgccagctgtctacggaaggaatatgcaggcaaaaagaaaaattgc 
ttttctaaaaggaagaaaacaattgccacaagaaatgtctctttttgtgt 
taaaaaaggtgaagttataggactgttaggacacaatggagctggtaaaa 
gtacaactattaagatgataactggagacacaaaaccaactgcaggacag 
gtgattttgaaagggagcggtggaggggaacccctgggcttcctggggta 
ctgccctcaggagaatgcgctgtggcccaacctgacagtgaggcagcacc 
tggaggtgtacgctgccgtgaaaggtctcaggaaaggggacgcaatgatc 
gccatcacacggttagtggatgcgctcaagctgcaggaccagctgaaggc 
tcccgtgaagaccttgtcagagggaataaagcgaaagctgcgctttgtgc 
tgagcatcctggggaacccgtcagtggtgcttctggatgagccgtcgacc 
gggatggaccccgaggggcagcagcaaatgtggcaggtgattcgggccac 
ctttagaaacacggagaggggcgccctcctgaccacccactacatggcag 
aggctgaggcggtgtgtgaccgagtggccatcatggtgtcaggaaggctg 
agatgtattggttccatccaacacctgaaaagcaaatttggcaaagacta 
cctgctggagatgaagctgaagaacctggcacaaatggagcccctccatg 
cagagatcctgaggcttttcccccaggctgctcagcaggaaaggttctcc 
tccctgatggtctataagttgcctgttgaggatgtgcgacctttatcaca 
ggctttcttcaaattagagatagttaaacagagtttcgacctggaggagt 
acagcctctcacagtctaccctggagcaggttttcctggagctctccaag 
gagcaggagctgggtgatcttgaagaggactttgatccctcggtgaagtg 
gaaactcctcctgcaggaagagccttaaagctccaaataccctatatctt 
tctttaatcctgtgactcttttaaagataatattttatagccttaatatg 
ccttatatcagaggtggtacaaaatgcatttgaaactcatgcaataatta 
tcctcagtagtatttcttacagtgagacaacaggcaatgtcagtgagggc 
gatcgtagggcataagcctaagccataccatgcagcctttgtgccagcaa 
ccaaatcccatgtttcctactgtgttaagtttaaaaatgcatttattata 
gaattgtctacatttctgaggatgtcatggagaatgcttaattttctttc 
tctgaacttcaaaatattaaatattttcttatttttttgattaaagtata 
aattaagacaccctattgacttccgggtaaggggagtcaattgattaccc 
agcagcacagtatttgctttttataattccctttttaaatacttgttctt 
aattgactggttttccttttctgtcatttttcagagtttagattgtgagt 
ccatgttttgtctgttgtgcctataaaggaaatttgaaatctgtatcatt 
ctactataaagacacatgcacacgtatgtttattgcagcactgtttacaa 
tagcaaagacttggaaccaaccaaaatacccacaaatgatagaccggata 
aagaaaacgtgacacatatacaccatggaatactatgcagccatagaaaa 
ggatgagttcatattcttcacagggacatggatgaagctggaaaccatca 
tcctcagcaaactaacacaggaacagaaaaccaaacaccgcatgttctca 
ctcataagtgggaattgaacaatgagaatacatggacacagggaggggaa 
caccacaccctggggcctgttggggggatgggggctaggggagggatagc 
attaggagaaatacctgatgtagatgatgggttgatgggtg 



Figure 10 



abcalO, 2001 bases, 2110 checksum. 

tggacagtctggacaatagaataaatgaagtcaataaaaccattctttta 
acaaccttaataccataccttcagagtgttattttcctttttgtcataag 
gtgtctggaaatgaagtatggaaatgaaataatgaataaagacccagttt 
tcagaatctctccacggagtagagaaactcatcccaatccggaagagccc 
gaagaagaagatgaagatgttcaagctgaaagagtccaagcagcaaatgc 
actcactgctccaaacttggaggaggaaccagtcataactgcaagctgtt 
tacacaaggaatattatgagacaaagaaaagttgcttttcaacaagaaag 
aagaaaatagccatcagaaatgtttccttttgtgttaaaaaaggtgaagt 
tttgggattactaggacacaatggagctggtaaaagtacttccattaaaa 
tgataactgggtgcacaaagccaactgcaggagtggtggtgttacaaggc 
agcagagcatcagtaaggcaacagcatgacaacagcctcaagttcttggg 
gtactgccctcaggagaactcactgtggcccaagcttacaatgaaagagc 
acttggagttgtatgcagctgtgaaaggactgggcaaagaagatgctgct 
ctcagtatttcacgattggtggaagctcttaagctccaggaacaacttaa 
ggctcctgtgaaaactctatcagagggaataaagagaaagctgtgctttg 
tgctgagcatcctggggaacccatcagtggtgcttctagatgagccgttc 
accgggatggaccccgaggggcagcagcaaatgtggcagatacttcaggc 
taccgttaaaaacaaggagaggggcaccctcttgaccacccattacatgt 
cagaggctgaggctgtgtgtgaccgtatggccatgatggtgtcaggaacg 
ctaaggtgtattggttccattcaacatctgaaaaacaagtttggtagaga 
ttatttactagaaataaaaatgaaagaacctacccaggtggaagctctcc 
acacagagattttgaagcttttcccacaggctgcttggcaggaaagatat 
tcctctttaatggcgtataagttacctgtggaggatgtccaccctctatc 
tcgggcctttttcaagttagaggcgatgaaacagaccttcaacctggagg 
aatacagcctctctcaggctaccttggagcaggtattcttagaactctgt 
aaagagcaggagctgggaaatgttgatgataaaattgatacaacagttga 
a tggaaacttctcccacaggaagacccttaaaatgaagaacctcctaaca 
ttcaattttaggtcctactacattgttagtttccataattctacaagaat 
gtttccttttacttcagttaacaaaagaaaacatttaataaacattcaat 
aatgattacagttttcatttttaaaaatttaggatgaaggaaacaaggaa 
atatagggaaaagtagtagacaaaattaacaaaatcagacatgttattca 
tccccaacatgggtctattttgtgcttaaaaataatttaaaaatcataca 
atattaggttggttttcggttattatcaataaagctaacactgagaacat 
tttacaaataaaaatatgagttttttagcctgaacttcaaatgtatcagc 
tatttttaaacattatttactcggattctaatttaatgtgacattgacta 
taagaaggtctgataaactgatgaaatggcacagcataacatttaattat 
aatgacattctgattataaaataaatgcatgtgaattttagtacatattg 
aagttatatggaagaagatagccataatctgtaagaaagtaccgcagtta 
atattttctttagccaacttatattcaatgtattttttatggatcctttt 
tcaaaggtagtatcagtaggcatagtcattttctgtatcttttcacctca 



c 



Figure 11 



abcal2, 2045 bases, A5 checksum. 

ctgccaatagaacacttgccaaggtatggtatgatccagaaggctatcac 

tcccttccagcttacctcaacagcctgaataatttccttctgcgagttaa 

catgtcaaaatacgatgctgcccgacatggcatcatcatgtatagccatc 

cttatccaggagtgcaagaccaagaacaagccacaatcagcagtttaatc 

gatattttagtggcactgtctatcttgatgggctactctgtcacyaccgc 

cagctttgtcacctatgttgtaagggaacatcaaaccaaagccaaacagt 

tgcagcacatttcaggcaytggcgtgacatgctactgggtaacaaacttc 

atttatgacatggttttctacttggtgcctgtagcgttttcaattggtat 

cattgcgattttcaaattacctgcattctacagtgaaaacaacctaggcg 

ctgtatctctcctacttctcctgtttgggtatgcaacattttcttggatg 

tacttgctggctgggctcttccatgaaacaggaatggccttcatcactta 

cgtctgtgtcaacttgttttttggcattaattccattgtttccctgtcag 

tggtatactttctttccaaggaaaagcctaatgatccgactttagaactt 

atttctgaaaccctcaagcgcattttcctgattttcccacaattctgttt 

tggctacggtttgattgaactttctcaacaacagtcggtcctagacttct 

taaaagcatatggagtggaatacccaaatgaaacctttgagatgaataaa 

ctaggtgcaatgtttgtggctttggtttctcagggcaccatgtttttttc 

cttgcgactcttaatcaacgaatccctgataaagaaactcaggcttttct 

tcagaaaatttaattcttcacatgtaagggagacaatagatgaggatgaa 

gatgtgcgggctgagagattaagagttgagagtggtgcagctgaatttga 

cttggtccaactttattgtctcacaaagacctaccaacttatccacaaaa 

agattatagctgtaaacaacatcagcattgggatacctgctggagagtgt 

tttgggcttcttggagtgaatggagcaggaaagaccactatattcaagat 

gctgacaggagacatcattccttcaagtggaaacattctgatcagaaata 

agaccggatctctgggtcacgttgattctcacagctcattagttggctac 

tgtcctcaggaagatgccttagatgacctggtaactgtggaagaacattt 

gtatttctatgccagggtacatggaattccagaaaaggatattaaagaaa 

ctgttcataaactccttaggagacttcacctgatgcccttcaaggacaga 

gctacctctatgtgcagttatggcacaaaaagaaaattatccactgcact 

ggccttgatagggaaaccttccattctactgctggatgagccgagctctg 

gcatggatccgaagtcgaaacggcacctctggaagatcatttcagaagaa 

gtacagaacaaatgttccgtcatcctcacatctcacagcatggaagaatg 

tgaagctctctgtaccaggttggccattatggtgaatggaaagtttcaat 

gtattggatctttgcagcacataaagagcaggtttggacgaggatttact 

gtcaaagttcacttgaagaataacaaagtgaccatggagaccctcacaaa 

gttcatgcagctgcactttccaaaaacatacttaaaagatcagcacctca 

gcatgctagagtatcatgtaccagtcacagcaggaggagtcgcaaacatt 

tttgatctgctggaaaccaacaagactgctttaaatattacaaatttctt 

agtgagtcagaccactctggaagaggttttcatcaactttgccaaagacc 

agaagtcctatgaaactgctgataccagcagccaaggttccactataagt 

gttgactcacaagatgaccagatggagtcttaacacttccagcaa 



Figure 12 



abcbl, 1023 bases, 1E31 checksum. 

ctctggtgggcagcagtggctgtgggaagagcacagtggtccagctcctg 
gagcggttctacgaccccttggcagggaaagtgctgcttgatggcaaaga 
aataaagcgactgaatgttcagtggctccgagcacacctgggcatcgtgt 
cccaggagcccatcctgtttgactgcagcattgctgagaacattgcctat 
ggagacaacagccgggtggtgtcacaggaagagattgtgagggcagcaaa 
ggaggccaacatacatgccttcatcgagtcactgcctaataaatatagca 
ctaaagtaggagacaaaggaactcagctctctggtggccagaaacaacgc 
attgccatagctcgtgcccttgttagacagcctcatattttgcttttgga 
tgaagccacgtcagctctggatacagaaagtgaaaaggttgtccaagaag 
ccctggacaaagccagagaaggccgcacctgcattgtgattgctcaccgc 
ctgtccaccatccagaatgcagacttaatagtggtgtttcagaatggcag 
agtcaaggagcatggcacgcatcagcagctgctggcacagaaaggcatct 
atttttcaatggtcagtgtccaggctggaacaaagcgccagtgaactctg 
actgtatgagatgttaaatactttttaatatttgtttagatatgacattt 
attcaaagttaaaagcaaacacttacagaattatgaagaggtatctgttt 
aacatttcctcagtcaagttcagagtcttcagagacttcgtaattaaagg 
aacagagtgagagacatcatcaagtggagagaaatcatagtttaaactgc 
attataaattttataacagaattaaagtagattttaaaagataaaatgtg 
taattttgtttatattttcccatttggactgtaactgactgccttgctaa 
aagattatagaagtagcaaaaagtattgaaatgtttgcataaagtgtcta 
taataaaactaaactttcatgtg 



r^mi nrmrirlarl Ww I IQDTO frnm tho IPW Imano nntnhn^P on 19/98/9004 



Figure 13 



abcb2, 1018 bases, 1E44 checksum* 

gtgacggcgctggtgggacccaatgggtctgggaagagcacagtggctgc 
cctgctgcagaatctgtaccagcccaccgggggacagctgctgttggatg 
ggaagccccttccccaatatgagcaccgctacctgcacaggcaggtggct 
gcagtgggacaagagccacaggtatttggaagaagtcttcaagaaaatat 
tgcctatggcctgacccagaagccaactatggaggaaatcacagctgctg 
cagtaaagtctggggcccatagtttcatctctggactccctcagggctat 
gacacagaggtagacgaggctgggagccagctgtcagggggtcagcgaca 
ggcagtggcgttggcccgagcattgatccggaaaccgtgtgtacttatcc 
tggatgatgccaccagtgccctggatgcaaacagccagttacaggtggag 
cagctcctgtacgaaagccctgagcggtactcccgctcagtgcttctcat 
cacccagcacctcagcctggtggagcaggctgaccacatcctctttctgg 
aaggaggcgctatccgggaggggggaacccaccagcagctcatggagaaa 
aaggggtgctactgggccatggtgcaggctcctgcagatgctccagaatg 
aaagccttctcagacctgcgcactccatctccctcccttttcttctctct 
gtggtggagaaccacagctgcagagtagcagctgcctccaggatgagtta 
cttgaaatttgccttgagtgtgttacctcctttccaagctcctcgtgata 
atgcagacttcctggagtacaaacacaggatttgtaattcctactgtaac 
ggagtttagagccagggctgatgctttggtgtggccagcactctgaaact 
gagaaatgttcagaatgtacggaaagatgatcagctattttcaacataac 
tgaaggcatatgctggcccataaacaccctgtaggttcttgatatttata 
ataaaattggtgttttgt 



Prtnu nmuirloH Kir I IQPTO from th*=> IFW Imana n^tnHaeso on 19/93/9004 



Figure 14 



abcb3, 1059 bases, D83 checksum. 

taaccaaaaatgacataaatattcatgagattgccttcctatatccttcc 
ttgttcctaccagtgtctgctattttgaagaagctagggtctggagggac 
agagaacagttccctgattaacagtattaatagcgacattggtaacagct 
accatttatagagttttaatgggagtaggagctatgctaagtgtttttca 
tgtattatcgtttttaatcattatccccaaccctatgaggttggttatta 
tccccattttacagatgaggaaactgaagctcaaagaggctcaatgactt 
tcccaaggtggtcgtagtggtggagttggagtttgaacacaggcctgacc 
ctagagtccacaccctgacccaatcaattatattgcatcttgggtccata 
aaccctaatccataatcccatcaagaaaagctctgctgctcttagctcta 
aataattcagaatctattctcttctctccagtcccgttgttatagtcttc 
actcatagacttaagatgatcccatcaccagagaggtttctctaccatta 
gcttccctcttccggccattcttcacaaagtcatttttctaaattctgtg 
tcacatacgatgatggcatttctggaaattccttcaggtgctctcaagcc 
ctgctgcagagatccttttcagagcacacactgttccagcccatctgtct 
caccctctcctgttgtatccagctccacgacaaactttctgccttcccca 
acacctttgtgcctttgcatatggtgttttcttgcccattttctgctcga 
ctcgcccctgattttcaagttcaagacttaactcagggttcaggtcttcc 
aggaggccttacttatgtcgtcagtctggggaactctccatgtgcttcta 
tcactgtgcggttacctctttcacagcccttttaaagttctatcttccct 
ttcccaccttttttgaccttccactagaccatgagcacctgggcggaaag 
ccatatatcttattaagctttatatctgctacctggccgagggctaattc 
atagtggag 



fVtrkir nrrwiiAt^A h\t I IQDTO from tho IPW Imana natahaeso nn 19 fOfl/O f\f\ A. 



Figure 15 



abcb4, 1004 bases , 254D checksum. 

tgtgaatggacatatgcgcttcagagatgttattctggtgttttctgcaa 
ttgtatttggtgcagtggctctaggacatgccagttcatttgctccagac 
tatgctaaagctaagctgtctgcagcccacttattcatgctgtttgaaag 
acaacctctgattgacagctacagtgaagaggggctgaagcctgataaat 
ttgaaggaaatataacatttaatgaagtcgtgttcaactatcccacccga 
gcaaacgtgccagtgcttcaggggctgagcctggaggtgaagaaaggcca 
gacactagccctggtgggcagcagtggctgtgggaagagcacggtggtcc 
agctcctggagcggttctacgaccccttggcggggacagtgcttctcgat 
ggtcaagaagcaaagaaactcaatgtccagtggctcagagctcaactcgg 
aatcgtgtctcaggagcctatcctatttgactgcagcattgccgagaata 
ttgcctatggagacaacagccgggttgtatcacaggatgaaattgtgagt 
gcagccaaagctgccaacatacatcctttcatcgagacgttaccccacaa 
atatgaaacaagagtgggagataaggggactcagctctcaggaggtcaaa 
aacagaggattgctattgcccgagccctcatcagacaacctcaaatcctc 
ctgttggatgaagctacatcagctctggatactgaaagtgaaaaggttgt 
ccaagaagccctggacaaagccagagaaggccgcacctgcattgtgattg 
ctcaccgcctgtccaccatccagaatgcagacttaatagtggtgtttcag 
aatgggagagtcaaggagcatggcacgcatcagcagctgctggcacagaa 
aggcatctatttttcaatggtcagtgtccaggctgggacacagaacttat 
gaacttttgctacagtatattttaaaaataaattcaaattattctaccca 
tttt 



Figure 16 



abcb6, 1053 bases, 1F32 checksum. 

agaccaacttcattgacatggagaacatgtttgacttgctgaaagaggag 
acagaagtgaaggaccttcctggagcagggccccttcgctttcagaaggg 
ccgtattgagtttgagaacgtgcacttcagctatgccgatgggcgggaga 
ctctgcaggacgtgtctttcactgtgatgcctggacagacacttgccctg 
gtgggcccatctggggcagggaagagcacaattttgcgcctgctgtttcg 
cttctacgacatcagctctggctgcatccgaatagatgggcaggacattt 
cacaggtgacccaggcctctctccggtctcacattggagttgtgccccaa 
gacactgtcctctttaatgacaccatcgccgacaatatccgttacggccg 
tgtcacagctgggaatgatgaggtggaggctgctgctcaggctgcaggca 
tccatgatgccattatggctttccctgaagggtacaggacacaggtgggc 
gagcggggactgaagctgagcggcggggagaagcagcgcgtcgccattgc 
ccgcaccatcctcaaggctccgggcatcattctgctggatgaggcaacgt 
cagcgctggatacatctaatgagagggccatccaggcttctctggccaaa 
gtctgtgccaaccgcaccaccatcgtagtggcacacaggctctcaactgt 
ggtcaatgctgaccagatcctcgtcatcaaggatggctgcatcgtggaga 
ggggacgacacgaggctctgttgtcccgaggtggggtgtatgctgacatg 
tggcagctgcagcagggacaggaagaaacctctgaagacactaagcctca 
gaccatggaacggtgacaaaagtttggccacttccctctcaaagactaac 
ccagaagggaataagatgtgtctcctttccctggcttatttcatcctggt 
cttggggtatggtgctagctatggtaagggaaagggacctttccgaaaaa 
catcttttggggaaataaaaatgtggactgtgaaaaaaaaaaaaaaaaaa 
aaa 



r-«r*w rM-rvuirJorJ Kw 1 IQPTO from tho IFW Imano nsitnhmcto on 19/98/9004 
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abcb7, 1044 bases, C20 checksum, 

tttactctactcaaggtagacacccaaattaaagacaaagtgatggcatc 
tccccttcagatcacaccacagacagctaccgtggcctttgataatgtgc 
attttgaatacattgagggccagaaagtccttagtggaatatcctttgaa 
gtccctgcaggaaagaaagtggccattgtaggaggtagtgggtcagggaa 
aagcacaatagtgaggctattatttcgcttctatgagcctcaaaagggta 
gcatttatcttgctggtcaaaatatacaagatgtgagcctggaaagcctt 
cggagggcagtgggagtggtacctcaggatgctgtcctcttccataatac 
tatttattacaacctcttatatggaaacatcagtgcttcacctgaggaag 
tgtatgcagtggcaaaattagctggacttcatgatgcaattcttcgaatg 
ccacatggatatgacacccaagtaggggaacgaggactcaagctttcagg 
aggagaaaagcaaagagtagcaattgcaagagccattttgaaggaccccc 
cagtcatactctacgatgaagctacttcatcgttagattcgattactgaa 
gagactattcttggtgccatgaaggatgtggtcaaacacagaacttctat 
tttcattgcacacagattgtcaacagtggttgatgcagatgaaatcattg 
tcttggatcagggtaaggtagccgaacgtggtacccaccatggtttgctt 
gctaaccctcatagtatctattcagaaatgtggcatacacagagcagccg 
tgtgcagaaccatgataaccccaaatgggaagcaaagaaagaaaatatat 
ccaaagaggaggaaagaaagaaactacaagaagaaattgtcaatagtgtg 
aaaggctgtggaaactgttcgtgctaagtcacataagacattttcttttt 
ttgttgttttggactacatatttgcactgaagcagaattgttttattaaa 
aaaatcatacattcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



rnnu nrnviMorl U\i I ICDTH frnm fhn IPW Imano n.ninhncA on 19/98/9004 
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abcb8, 1039 bases, 11C8 checksum, 

cgtccccaaagagcagctgcgtggctccgttacatttcagaacgtctgct 
tcagctacccctgccgccccggcttcgaggtgctgaaagacttcaccctg 
acgctgccccctggcaagatcgtggccctcgtgggccagtctggcggagg 
aaagaccaccgtggcttccctgctggagcgcttctacgaccccacggcag 
gcgtggtgatgctggatgggcgggacctgcgcacccttgacccctcctgg 
ctccggggccaggttgtcggtttcatcagccaggagcccgtcctgtttgg 
gacgaccatcatggaaaacatccgctttgggaagctggaagcttccgatg 
aagaggtgtacacagccgcccgggaagcgaatgctcacgagttcatcacc 
agtttccccgagggctacaacacggtcgtcggtgaacggggcactaccct 
gtctgggggccagaagcagcgcctggccatcgcccgagcccttatcaagc 
agcccacggtgctgatactggatgaagctaccagcgcgctggatgcagag 
tccgagcgggttgtacaggaggccctggaccgggccagtgcaggccgcac 
ggtgctggtaattgcccaccggctcagcactgtccgtggggcccactgca 
ttgtcgtcatggccgatggccgtgtctgggaggctgggacacatgaagag 
ctcctgaagaaaggcgggctatacgccgagctcatccggaggcaggccct 
ggatgccccgaggacagcggccccaccgcccaaaaagccagaaggcccca 
ggagccaccagcacaagtcctgagaagggccccctgaggtgtggtcgctg 
ccaagcatcagtgttagggctggggctcagcctgggggagcctactgggg 
actgagcccccaggagggccagcatgtggagagtcgctgcggctgctcct 
gctcacaataaagccggggccgagcagctggcaggggaggccaatccctc 
cctcccctccccagtcctgccggctgcctccctcccacc 



Pnnw nrrwiiAarl K\r I ICDTH trr\m tha IF\A7 Imano n.itnhn^p on 1 9/9 53/90 fid 
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abcb9, 1032 bases, 11D7 checksum. 

tggcccagggcggcctctacgccaagctggtgcagcggcagatgctgggg 
cttcagcccgccgcagacttcacagctggccacaacgagcctgtagccaa 
cggcagtcacaaggcctgatggggggcccctgcttctcccggtggggcag 
aggacccggtgcctgcctggcagatgtgcccacggaggcccccagctgcc 
ctccgagcccaggcctgcagcactgaaagacgacctgccatgtcccatgg 
atcaccgcttcctgcatcttgcccctggtccctgccccattcccagggca 
ctccttacccctgctgccctgagccaacgccttcacggacctccctagcc 
tcctaagcaaaggtagagctgcctttttaaacctaggtcttaccagggtt 
tttactgtttggtttgaggcaccccagtcaactcctagatttcaaaaacc 
tttttctaattgggagtaatggcgggcactttcaccaagatgttctagaa 
acttctgagccaggagtgaatggcccttccttagtagcctgggggatgtc 
cagagactaggcctctcccctttacccctccagagaaggggcttccctgt 
cccggagggacacggggaacgggattttccgtctctccctcttgccagct 
ctgtgagtctggccagggcgggtagggagcgtggagggcatctgtctgcc 
atcgcccgctgccaatctaagccagtctcactgtgaaccacacgaaacct 
caactgggggagtgaggggctggccaggtctggaggggcctcaggggtgc 
ccagcccggcacccagcgctttcgcccctcgtccacccacccctggctgg 
cagcctccctccccacacccgcccctgtgctctgctgtctggaggccacg 
tggatgttcatgagatgcattctcttctgtctttggtggatgggatggtg 
gcaaagcccaggatctggctttgccagaggttgcaacatgttgagagaac 
ccggtcaataaagtgtactacctcttacccct 



Figure 20 



abcblO, 1017 bases, 2077 checksum. 

tgaggaatatgtgttcctatgggaactatgtttgaatatgtgcagttttc 
aacattttggcacatgaaagcctgacaagtttttaaaagggcagaagctt 
tattttttgaacaggaaaacatgttttttaaattcacatgtttgtatgag 
tacttttgcgaagcaaggcatgaactgctaggtattattaagaatgaatg 
atttttgcatttaagttgtttgaaggcatgtattttgaaaaatatctgtt 
acaaatttataatttcaagacaaattgaatcttattttataatacttttg 
gaatttcattaataaggcfcaaaatttgaggaatataactaattttcagcc 
ttaagacatttaagtttggaagtccttgctattcaacagaataacaagaa 
aacttcagaatgtatcactctcctgaaaagaagatattaataagcccttt 
tatttatggttatagttttatttatagtctcaaaattcctaaagcaatgc 
tacaaccattgaatttgccatattttgtatcagtgctgttaatttgctgt 
tgcctcaagaaaaagtgctttttctccatggatgaggctagaccctaaga 
agtaattaagtcaatgtaaatcaaatggaagttttcccatgaactaagaa 
tttattagttccctgattagactggaagaagaaaccactatttcatgaaa 
agcatggaatattatattttattgttcataattaatgaataaaattgata 
tgaatgaatgtagtgttctttgaattagtaaacagtacatctgtgacaat 
catttttaacaagctctacttgtgttctttataaagtgtgattttcagaa 
agcaaacaacacaattacaaggttgaatctgaggaaaataatccttgtgc 
catagaagtatttacgaaattgcatttcattgttatgttttattttctga 
tacatgatgttcaattttatctttaggtaatattttatatcatagattaa 
aatttatagtgaacttt 



fV*mr nrnwirlarl tvir I IQPTO frnm thp> IFW ImnriA Database on 12/58/2004 



Figure 21 



abcbll, 1035 bases, 2307 checksum. 

agagaaatatgaaactaacgttgggtcccaggggtctcaactctctagag 
gggagaaacaacgcattgctattgctcgggccattgtacgagatcctaaa 
atcttgctactagatgaagccacttctgccttagacacagaaagtgaaaa 
gacggtgcaggttgctctagacaaagccagagagggtcggacctgcattg 
tcattgcccatcgcttgtccaccatccagaacgcggatatcattgctgtc 
atggcacagggggtggtgattgaaaaggggacccatgaagaactgatggc 
ccaaaaaggagcctactacaaactagtcaccactggatcccccatcagtt 
gacccaatgcaagaatctcagacacacatgacgcaccagttacaggggtt 
gtttttaaagaaaaaaacaatcccagcaggagggattgctgggattgttt 
tttctttaaagaagaatgttaatattttacttttacagtcattttcctac 
atcggaatccaagctaatttctaatggccttccataataattctgcttta 
gatgtgtatacagaaaatgaaagaaactagggtccatatgagggaaaacc 
caatgtcaagtggcagctcagccaccactcagtgcttctctgtgcaggag 
ccagtcctgattaatatgtgggaattagtgagacatcagggagtaagtga 
cactttgaactcctcaagggcagagaactgtctttcatttttgaaccctc 
ggtgtacacagaggcgggtctataacaggcaatcaacaaacgtttcttga 
gctagaccaaggtcagatttgaaaagaacagaaggactgaagaccagctg 
tgtttcttaactaaatttgtctttcaagtgaaaccagcttccttcatctc 
taaggctaaggatagggaaagggtggatgctctcaggctgagggaggcag 
aaagggaaagtattagcatgagctttccagttagggctgttgatttatgc 
tttaacttcagagtgagtgtaggggtggtgatgct 



fVirw nrovirlorl hv II^PTO frnm the* IFW Imane* Database on 19/28/2004 



Figure 22 



abccl, 1047 bases, CB checksum, 

ccacactgaaaccaaaacataaaaaccaaacccagacaaccaaaacatat 
tcaaagcagcagccaccgccatccggtcccctgcctggaactggctgtga 
agacccaggagagacagagatgcgaaccacccaaaacacgcacaccctgc 
ccctggtgccctgagacagacacacagcctcacgcccccaggaatgcaag 
tggtttcctggtgcttcccacggaggagttttggcagccagacttctgga 
ggaattggttgtatagaagatcctagtgaccaaattcagcctactgcctc 
ggatctctccagccgaagtctgtggactgcaagtctttgagatgcttctg 
gctcccatcacctctaacatccttgtctgggtctaccaggaacgcttcat 
ttccttggggctgcagttttgtggttgaggggcctggagaaaatcatttt 
ctccccttggcagtgtcccagggccctggatggtcctcttaccaacatct 
ggtcttccaggcactcaaaagctgggaaccagcatctcagcgccagctct 
accagttctcgttttgggccagaggcagcctctgcactcccacgcctgtc 
ctcctggaagggacctggttggactaacggctaacctggacctggaactg 
tagggccaggggattgtctcagggccgacgttccacctggggcttccctc 
cccacccaccccgactccaggctttcccttttttcttttgttcaacattg 
taagaacaatcaatgctgttattactgatcccaccatgattgatgtgggg 
taaatattaaggagatggcctcatgggaatttgaccttgactagaaatag 
agactgagagtgagcaaccagctggaaggtactatgccagtcctagcaga 
aaaatgtgttaggggcctggcccaaagcagtgttggttgcttacagtgtt 
gattgattttgttcttttttcttaccacctcttttctttccctctcatgg 
tacctgctcatggttatgaagctttcaaagtaaagaacacgaaatac 



Pnnv nrnwirlorl h\r IIQDTO from the IFW Imane Database Oil 12/28/2004 



Figure 23 



abcc2, 1008 bases, 24BF checksum. 

acacaaaagtggaaaatgaggcaccctgggtgactgataagaggcctccg 
ccagattggcccagcaaaggcaagatccagtttaacaactaccaagtgcg 
gtaccgacctgagctggatctggtcctcagagggatcacttgtgacatcg 
gtagcatggagaagattggtgtggtgggcaggacaggagctggaaagtca 
tccctcacaaactgcctcttcagaatcttagaggctgccggtggtcagat 
tatcattgatggagtagatattgcttccattgggctccacgacctccgag 
agaagctgaccatcatcccccaggaccccatcctgttctctggaagcctg 
aggatgaatctcgaccctttcaacaactactcagatgaggagatttggaa 
ggccttggagctggctcacctcaagtcttttgtggccagcctgcaacttg 
ggttatcccacgaagtgacagaggctggtggcaacctgagcataggccag 
aggcagctgctgtgcctgggcagggctctgcttcggaaatccaagatcct 
ggtcctggatgaggccactgctgcggtggatctagagacagacaacctca 
ttcagacgaccatccaaaacgagttcgcccactgcacagtgatcaccatc 
gcccacaggctgcacaccatcatggacagtgacaaggtaatggtcctaga 
caacgggaagattatagagtgcggcagccctgaagaactgctacaaatcc 
ctggacccttttactttatggctaaggaagctggcattgagaatgtgaac 
agcacaaaattctagcagaaggccccatgggttagaaaaggactataaga 
ataatttcttatttaattttattttttataaaatacagaatacatacaaa 
agtgtgtataaaatgtacgttttaaaaaaggataagtgaacacccatgaa 
cctactacccaggttaagaaaataaatgtcaccaggtacttgagaaaccc 
ctcgattg 



0«»,w nr^r.rlnri hw 1 1QDTH frnm the 1FW Imano nntnhfl^P on 12/28/2004 
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abcc3, 1016 bases, 1D6B checksum. 

ctcagctgaccatcatcccgcaggaccccatcctgttctcggggaccctg 
cgcatgaacctggaccccttcggcagctactcagaggaggacatttggtg 
ggctttggagctgtcccacctgcacacgtttgtgagctcccagccggcag 
gcctggacttccagtgctcagagggcggggagaatctcagcgtgggccag 
aggcagctcgtgtgcctggcccgagccctgctccgcaagagccgcatcct 
ggttttagacgaggccacagctgccatcgacctggagactgacaacctca 
tccaggctaccatccgcacccagtttgatacctgcactgtcctgaccatc 
gcacaccggcttaacactatcatggactacaccagggtcctggtcctgga 
caaaggagtagtagctgaatttgattctccagccaacctcattgcagcta 
gaggcatcttctacgggatggccagagatgctggacttgcctaaaatata 
ttcctgagatttcctcctggcctttcctggttttcatcaggaaggaaatg 
acaccaaatatgtccgcagaatggacttgatagcaaacactgggggcacc 
ttaagattttgcacctgtaaagtgccttacagggtaactgtgctgaatgc 
tttagafcgaggaaatgatccccaagtggtgaatgacacgcctaaggtcac 
agctagtttgagccagttagactagtcccccggtctcccgattcccaact 
gagtgttatttgcacactgcactgttttcaaataacgattttatgaaatg 
acctctgtcctccctctgatttttcatattttcctaaagtttcgtttctg 
ttttttaataaaaagctttttcctcctggaacagaagacagctgctgggt 
caggccacccctaggaactcagtcctgtactctggggtgctgcctgaatc 
cattaaaaatgggagtactgatgaaataaaactacatggtcaacagtaaa 
aaaaaaaaaaaaaaaa 



rsr^w nr^iM*J A rl K*r I IQPTO from thf^ IFW ImnriP nataha<%e on 12/28/2004 
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abcc4 / 1031 bases, E3B checksum. 

aacgcccaccaccagcctggccccatgaaggagtgataatctttgacaat 
gtgaacttcatgtacagtccaggtgggcctctggtactgaagcatctgac 
agcactcattaaatcacaagaaaaggttggcattgtgggaagaaccggag 
ctggaaaaagttccctcatctcagccctttttagattgtcagaacccgaa 
ggtaaaatttggattgataagatcttgacaactgaaattggacttcacga 
tttaaggaagaaaatgtcaatcatacctcaggaacctgttttgttcactg 
gaacaatgaggaaaaacctggatccctttaaggagcacacggatgaggaa 
ctgtggaatgccttacaagaggtacaacttaaagaaaccattgaagatct 
tcctggtaaaatggatactgaattagcagaatcaggatccaattttagtg 
ttggacaaagacaactggtgtgccttgccagggcaattctcaggaaaaat 
cagatattgattattgatgaagcgacggcaaatgtggatccaagaactga 
tgagttaatacaaaaaaaaatccgggagaaatttgcccactgcaccgtgc 
taaccattgcacacagattgaacaccattattgacagcgacaagataatg 
gttttagattcaggaagactgaaagaatatgatgagccgtatgttttgct 
gcaaaataaagagagcctattttacaagatggtgcaacaactgggcaagg 
cagaagccgctgccctcactgaaacagcaaaacaggtatacttcaaaaga 
aattatccacatattggtcacactgaccacatggttacaaacacttccaa 
tggacagccctcgaccttaactattttcgagacagcactgtgaatccaac 
caaaatgtcaagtccgttccgaaggcattttccactagtttttggactat 
gtaaaccacattgtacttttttttactttggcaacaaatatttatacata 
caagatgctagttcatttgaatatttctccc 



rr>rx\r nrmri/la/i Uw I IQDTO from thp IFW Itn.Tn^ nnlnhflc;p on 12/9S/2004 
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abccS, 1018 bases, 5C5 checksum. 

taataacagtgcatattcctttctatcatttttgtacagtttgctgtact 
agagatctggttttgctattagactgtaggaagagtagcatttcattctt 
ctctagctggtggtttcacggtgccaggttttctgggtgtccaaaggaag 
acgtgtggcaatagtgggccctccgacagccccctctgccgcctccccac 
agccgctccaggggtggctggagacgggtgggcggctggagaccatgcag 
agcgccgtgagttctcagggctcctgccttctgtcctggtgtcacttact 
gtttctgtcaggagagcagcggggcgaagcccaggccccttttcactccc 
tccatcaagaatggggatcacagagacattcctccgagccggggagtttc 
tttcctgccttcttctttttgctgttgtttctaaacaagaatcagtctat 
ccacagagagtcccactgcctcaggttcctatggctggccactgcacaga 
gctctccagctccaagacctgttggttccaagccctggagccaactgctg 
ctttttgaggtggcactttttcatttgcctattcccacacctccacagtt 
cagtggcagggctcaggatttcgtgggtctgttttcctttctcaccgcag 
tcgtcgcacagtctctctctctctctcccctcaaagtctgcaactttaag 
cagctcttgctaatcagtgtctcacactggcgtagaagtttttgtactgt 
aaagagacctacctcaggttgctggttgctgtgtggtttggtgtgttccc 
gcaaaccccctttgtgctgtggggctggtagctcaggtgggcgtggtcac 
tgctgtcatcagttgaatggtcagcgttgcatgtcgtgaccaactagaca 
ttctgtcgccttagcatgtttgctgaacaccttgtggaagcaaaaatctg 
aaaatgtgaataaaattattttggattttgtaaaaaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaa 
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abcc6, 1035 bases, 1737 checksum. 

atcagtttcccgcgactggtggctgacaggtggcttgcggccaatgtgga 
gctcctggggaatggcctggtgtttgcagctgccacgtgtgctgtgctga 
gcaaagcccacctcagtgctggcctcgtgggcttctctgtctctgctgcc 
ctccaggtgacccagacactgcagtgggttgttcgcaactggacagacct 
agagaacagcatcgtgtcagtggagcggatgcaggactatgcctggacgc 
ccaaggaggctccctggaggctgcccacatgtgcagctcagcccccctgg 
cctcagggcgggcagatcgagttccgggactttgggctaagataccgacc 
tgagctcccgctggctgtgcagggcgtgtccttcaagatccacgcaggag 
agaaggtgggcatcgttggcaggaccggggcagggaagtcctccctggcc 
agtgggctgctgcggctccaggaggcagctgagggtgggatctggatcga 
cggggtccccattgcccacgtggggctgcacacactgcgctccaggatca 
gcatcatcccccaggaccccatcctgttccctggctctctgcggatgaac 
ctcgacctgctgcaggagcactcggacgaggctatctgggcagccctgga 
gacggtgcagctcaaagccttggtggccagcctgcccggccagctgcagt 
acaagtgtgctgaccgaggcgaggacctgagcgtgggccagaaacagctc 
ctgtgtctggcacgtgcccttctccggaagacccagatcctcatcctgga 
cgaggctactgctgccgtggaccctggcacggagctgcagatgcaggcca 
tgctcgggagctggtttgcacagtgcactgtgctgctcattgcccaccgc 
ctgcgctccgtgatggactgtgcccgggttctggtcatggacaaggggca 
ggtggcagagagcggcagcccggcccagctgctggcccagaagggcctgt 
tttacagactggcccaggagtcaggcctggtctga 



r*~~*, Uw I ICDTn fmm tho IEW Im^na riatahnCP on 1 9/98/9004 
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abcc7, 1009 bases, 5CE checksum. 

gtattagaataccacaggaaccacaagactgcacatcaaaatatgcccca 
ttcaacatctagtgagcagtcaggaaagagaacttccagatcctggaaat 
cagggttagtattgtccaggtctaccaaaaatctcaatatttcagataat 
cacaatacatcccttacctgggaaagggctgttataatctttcacagggg 
acaggatggttcccfctgatgaagaagttgatatgccttttcccaactcca 
gaaagtgacaagctcacagacctttgaactagagtttagctggaaaagta 
tgttagtgcaaattgtcacaggacagcccttctttccacagaagctccag 
gtagagggtgtgtaagtagataggccatgggcactgtgggtagacacaca 
tgaagtccaagcatttagatgtataggttgatggtggtatgttttcaggc 
tagatgtatgtacttcatgctgtctacactaagagagaatgagagacaca 
ctgaagaagcaccaatcatgaattagttttatatgcttctgttttataat 
tttgtgaagcaaaattttttctctaggaaatatttattttaataatgttt 
caaacatatattacaatgctgtattttaaaagaatgattatgaattacat 
ttgtataaaataatttttatatttgaaatattgactttttatggcactag 
tatttttatgaaatattatgttaaaactgggacaggggagaacctagggt 
gatattaaccaggggccatgaatcaccttttggtctggagggaagccttg 
gggctgatcgagttgttgcccacagctgtatgattcccagccagacacag 
cctcttagatgcagttctgaagaagatggtaccaccagtctgactgtttc 
catcaagggtacactgccttctcaactccaaactgactcttaagaagact 
gcattatatttattactgtaagaaaatatcacttgtcaataaaatccata 
catttgtgt 



Figure 29 



abcc8, 1057 bases, 220A checksum. 

ctccatctccaactccctgcacagggagctctctgctggcctggtgggcc 
tgggccttacctacgccctaatggtctccaactacctcaactggatggtg 
aggaacctggcagacatggagctccagctgggggctgtgaagcgcatcca 
tgggctcctgaaaaccgaggcagagagctacgaggggctcctggcaccat 
cgctgatcccaaagaactggccagaccaagggaagatccagatccagaac 
ctgagcgtgcgctacgacagctccctgaagccggtgctgaagcacgtcaa 
tgccctcatctcccctggacagaagatcgggatctgcggccgcaccggca 
gtgggaagtcctccttctctcttgccttcttccgcatggtggacacgttc 
gaagggcacatcatcattgatggcattgacatccgcaaactgccgctgca 
caccctgccgtcacgcctctccatcatcctgcaggaccccgtcctcttca 
gcggcaccatccgatttaacctggaccctgagaggaagtgctcagatagc 
acactgtgggaggccctggaaatcgcccagctgaagctggtggtgaaggc 
actgccaggaggcctcgatgccatcatcacagaaggcggggagaatttca 
gccagggacagaggcagctgttctgcctggcccgggccttcgtgaggaag 
accagcatcttcatcatggacgaggccacggcttccattgacatggccac 
ggaaaacatcctccaaaaggtggtgatgacagccttcgcagaccgcactg 
tggtcaccatcgcgcatcgagtgcacaccatcctgagtgcagacctggtg 
atcgtcctgaagcggggtgccatccttgagttcgataagccagagaagct 
gctcagccggaaggacagcgtcttcgcctccttcgtccgtgcagacaagt 
gacctgccagagcccaagtgccatcccacattcggaccctgcccataccc 
ctgcctgggttttctaactgtaaatcacttgtaaataaatagatttgatt 
atttcct 



Figure 30 



abcc9, 1030 bases, 15B9 checksum. 

tgcctacttatttctctcagctgccaacagatggctggaggtcaggacgg 
attatctgggagcttgcattgtcctcactgcatctatagcatccattagt 
gggtcttccaattctggattggtaggcttgggtcttctgtatgcacttac 
gataaccaattatttgaattgggttgtgaggaacttggctgacctggagg 
tccagatgggtgcagtgaagaaggtgaacagtttcctgactatggagtca 
gagaactatgaaggcacaatggatccttctcaagttccagaacattggcc 
acaagaaggggagatcaagatacatgatctgtgtgtcagatatgaaaata 
atctgaaacctgttcttaagcacgtcaaggcttacatcaaacctggacaa 
aaggtgggcatatgtggtcgcactggcagtgggaaatcatcgttatctct 
ggctttcttcagaatggttgatatatttgatggaaaaattgtcattgatg 
ggatagacatttccaaattaccactgcacacactacgttctagactttca 
atcattctgcaggatccaatactattcagtggttccattagatttaattt 
agatccagagtgcaaatgcacagatgacagactctgggaagccttagaaa 
ttgctcagctgaagaatatggtcaaatctctacctggaggtctagatgcg 
gttgtcactgaaggtggggagaattttagcgtgggacagagacagctatt 
ttgccttgccagggcctttgtccgcaaaagcagcattcttattatggatg 
aggcaacagcttccattgacatggccacagagaatattttgcaaaaagta 
gtaatgacagcctttgcagaccggaccgtggtgacaatggctcaccgtgt 
ctcttctattatggatgcaggccttgttttagtcttttctgagggtattt 
tagtggagtgtgatactgtcccaaatttgttcgcccacaagaatggcccc 
ttttccactttggtgatgaccaacaagtag 
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abcclOb, 1043 bases, 1C40 checksum. 

cggccagggctgccgaatgccctggatggagtgaccttctgcgtgcagcc 

tggagagaagttgggcatcgtgggccgcacaggctccggcaagtcttccc 

tgttgttggtgctcttccggctgctagagcccagttcagggcgagtgctg 

ctggacggcgtggacaccagccagctggagctggcccagctcagatccca 

gttggctatcatcccccaggagccctttttgttcagtgggactgttcggg 

aaaacctggacccccagggcctacataaggacagggccttgtggcaggcc 

ctgaagcagtgccacctgagtgaggtgattacatccatgggtggtctgga 

tggtgagctgggtgaggggggccggagcttatctcttgggcagaggcagc 

tgttgtgtttggccagggctctcctcacagatgccaagatcctgtgtatc 

gatgaggccacagcaagtgtggaccagaagacagaccagctgctccagca 

gaccatctgcaaacgctttgccaacaagacagtgctgaccattgcccata 

ggctcaacacgatcctgaactcagaccgggtgctggtgctacaagcgggg 

agagtggtagagctggactccccggccaccctgcgcaaccagccccactc 

cctgttccagcagctgctgcagagcagccagcagggagtccctgcctcac 

tcggaggtccctgagcccaatcccacaccctgcagagttctcccctctct 

ctgatccaggccgggcctatacagaggtgctggctgcttgtttacattct 

cctctggggctctacctctccacacttccccagaagggaaaagggcaccc 

tggattactctttggaaatcactccttggtgggcagcatcctgaggcttc 

cccagaaccaggcctctgctctggccctcttgcatctggaacgccaggtg 

ggtttttctggcataggagcccacttgcattttcatagttttatttgata 

aaattccatcttacattctgtgtattaaaaaaataatatttct 



Figure 32 



abccll, 1030 bases, 10A6 checksum. 

caacctgaccatccgcggccacgaagtggtgggcatcgtgggaaggacgg 
gctctgggaagtcctccttgggcatggctctcttccgcctggtggagccc 
atggcaggccggattctcattgacggcgtggacatttgcagcatcggcct 
ggaggacttgcggtccaagctctcagtgatccctcaagatccagtgctgc 
tctcaggaaccatcagattcaacctagatccctttgaccgtcacactgac 
cagcagatctgggatgccttggagaggacattcctgaccaaggccatctc 
aaagttccccaaaaagctgcatacagatgtggtggaaaacggtggaaact 
tctctgtgggggagaggcagctgctctgcattgccagggctgtgcttcgc 
aactccaagatcatccttatcgatgaagccacagcctccattgacatgga 
gacagacaccctgatccagcgcacaatccgtgaagccttccagggctgca 
ccgtgctcgtcattgcccaccgtgtcaccactgtgctgaactgtgaccac 
atcctggttatgggcaatgggaaggtggtagaatttgatcggccggaggt 
actgcggaagaagcctgggtcattgttcgcagccctcatggccacagcca 
cttcttcactgagataaggagatgtggagacttcatggaggctggcagct 
gagctcagaggttcacacaggtgcagcttcgaggcccacagtctgcgacc 
ttcttgtttggagatgagaacttctcctggaagcaggggtaaatgtaggg 
ggggtggggattgctggatggaaaccctggaataggctacttgatggctc 
tcaagaccttagaaccccagaaccatctaagacatgggattcagtgatca 
tgtggttctccttttaacttacatgctgaataattttataataaggtaaa 
agcttatagttttctgatctgtgttagaagtgttgcaaatgctgtactga 
ctttgtaaaatataaaactaaggaaaactc 



Figure 33 



abccl2a / 1056 bases, 257 checksum. 

acttctcagtaggggaacgtcagctgctttgtgtggcccgagctcttctc 
cgtaattcaaagatcattctccttgatgaagccaccgcctctatggactc 
caagactgacaccctggttcagaacaccatcaaagatgccttcaagggct 
gcactgtgctgaccatcgcccaccgcctcaacacagttctcaactgcgat 
cacgtcctggttatggaaaatgggaaggtgattgagtttgacaagcctga 
agtccttgcagagaagccagattctgcatttgcgatgttactagcagcag 
aagtcagattgtagaggtcctggcggctgattctagaggaggaagaggct 
ctgtgagatgaataggaggagtcttcaggaggaggggctgtcctctccgc 
aggcagccctggtcttcagcccctcccatccacggagtgagctggggctg 
aagttgtccccactgccatactcagtccatgtcaccccacttggtgggct 
tggggttggttctgggtggtgaaccggggcagacccagctaatggattaa 
aaaactgcccttcacctcccaaatccccaagggttcctcatgtgttttca 
ccaaaaccaccccagtgcctgagattgaaaatattgtaactttcagttag 
aaatcagccacaataaacaacatgggaaaatgccttaggatggagtttgc 
aaggtttccttgcccattatcagaaggaaaaagagcagaattttcttctc 
gtttaaccccactcacttccatcttgactgggtgacaagtggtaatgaca 
cagatttgtagcgtgaaagactgaatacagtgtttggccaaaaatttttt 
taaaaatcatattatatgtttcaattgatctgttagaataaccaagaaaa 
caaaatgctggagtttctctataaatgacacttttatatcttctttattc 
gtcgttaaaacgcggtaggaaattaccctgaaatgtcgccttgcaattat 
ttcactgaagatattccaatttccatactatttcctccaatagacccttg 
ttgcct 



rv*r*w nw^AiiA^A I IQDTA from tho IFW Imano natnha«;p on 19/98/9004 



Figure 34 



abccl3, 1059 bases, 16CA checksum. 

tttagacaatgtttatagttgagggactatcagccgagatacttgtaatt 

agaaccatccccactgtttttctgctccccagcattggccctaatcatcc 

tgatcatgctgtcacaaacttaagaggaaataaggaaaaggagagaaaaa 

agaaattggttatgaataaaagtgacaataaaacatgagatataaataaa 

gcttaaaaaaaaaaaagcagcacctgtgggccatactaaaagatccccta 

cttacgttctggttgtcatgtttccctgtatttgataaaacacataattt 

tgagaaaaataaagttttaaatgtatctatgtctcgacttttctgatgaa 

gttataccagaaaagttaattatttgatgggcctgccatgtgaaaaccag 

aaaataacctcgtactcacaagccagtggaagggattcctgattttacta 

aaaaaaaaaaaaaaaaaagagagggcggggacaaatatcaaattaagcaa 

gtaaagaaaaagaacaggtaagagtgtgtgtgtgtgtgtaacactttgac 

aatactaaactctcataagcatttaacacttcagatgtttaacatttctg 

cccctttctcaatttttatgacgtgcaggcaaattatcattttctgtgaa 

cacagctcagattttggctggaatggctatggctatgcagtggcacttct 

tgttgtagtctttttgcaaactctgattcttcagcaatatcaacgtttta 

acatgctcacctcagcaaaagttaagacagctgtaaatggactgatctac 

aaaaaggccttacttttatcaaatgtttctcgacaaaagttttccactgg 

ggaaattattaacttgatgtcagcaactcatggacttgacagcaaacctc 

aatctcctctggtctgccccttttcaaatcctaatggccgtatatctcct 

ttggcaagagctgggtccagcagtgttagcaggggtggcagtccttgtgt 

ttgttataccaataaatgctttagctgcaactaaaataaaaaagttaaag 

gtaaaaaaa 



r«nu nmuiHoH Uw I IQPTO from the IFW Imnnp natnhacto on 12/28/2004 
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abcdl, 1016 bases, 25E8 checksum. 

ggcctccagggtgcctccacctgacacaaccgtccccggcccctgccccg 
cccccaagctcggatcacatgaaggagacagcagcacccacccatgcacg 
caccccgcccctgcatgcctggcccctcctcctagaaaacccttcccgcc 
ctcgggaaagtagatgtggagggtggcgccctgcgtaaccctcgccctgt 
ccctcccactccctgggggcgctgttccacagtgactgggccctgtccag 
ggcagtgagtcctctactttgctccgcggaggaagctggggtacaagggg 
cccagtgctggccacacagcagcgcagccgagccccaggagcccgtcagg 
ccacagcccctggcactgcaggtggcctccctccagagactcgagtcccc 
atgattccctcctcgtcagtctctcaaagaccccatggtccatcccctga 
gggtggtcagccaaggctcccgttccgtgggatgccataaaagccgccca 
gtgggacccacagtcacacagagcgcctcacctgcatcctctcccccaca 
agagccccaaagatcccacgggagaggggagagggacgcacagcactgcc 
tgccaagcgagaatgcaggccccgccccctcggcccctcaccacctcttt 
ctacagcctaatttattggattccctattcgtagccatctccgtggccaa 
tgtgactaccgtgccagcagcgggggcggcccagcctctgagtcccgtgg 
ggccccggctcccaccggtgccaaacccagcccctgcggccgtcaccccg 
ccagcctacactgccagccgccaccggggcacacgggcctctgcttgcca 
gccaggagtgcggacaccatgttcccagctcagtgccaaagaggggtcac 
cagggggagctgtctgcggagccagcgcctgcccgagagagaccccaccg 
ccaccgtgtgcctttcccgggccctcagccctcgggccgggcaccacccc 
cagtccccccagtaaa 



W\t I IQDTfl fmm thp» IFW Imnnp nataha^p on 12/28/2004 



Figure 36 



abcd2 / 1009 bases, 1B50 checksum. 

ttatgtaaggtcagtcattatgacttatactaattcctagtgaaggccta 
atgcacttgtaaaacaggattttctaggtgaattcctgatgaataccaga 
tttactatgtatatgtggtgtgtctgaagttcttaacaaacatgggcaat 
attctggaaatgaaacaagttataactgagcaccatttgggttgatacca 
agtgcataagattcaaactttgagtgacatttagtccatttatggttgat 
attaggtttaatacctagaattcaaattgattattgctagtggccaacta 
aacctgtacaaaatagctgacagttttataactaatttcaatataaaaat 
tgttttaatggcatttgttgaaagaaaaaagcatggctaaaatgtatcaa 
atgccatatttttaaattttggactttaagcatcttaatgagggcatata 
acaaattaattttagtacaatcttaaatatttttaataaatcctttcatt 
ttaaaaagagaattgccaatacagaaaaggagtatccaaacaatgtctca 
acctgataatttccttagcagaattacctattgcaacttctgttcagaaa 
tacacagcttgtttttttgcccaaggatgagtctacattttaagaactgc 
aatggtataaaggaacttaaggattctgagaatcatagtaataacataca 
ttggaatagtactttataatttacaatccccatttacatcatttcacctt 
aatgttgaggacaatgttttgaaacaaatactatttttcctactttgctt 
ttgagaaaattgacactcagacttgccctaatcatgcactttacttaagg 
aaagatcgagaaatcaaatgaagttctcctgactctctggtttagtgctc 
ttttgttattatcctttaaatcaaactgggctataatagcaataaaagtt 
agacgaagtgtagaaaataaaataaatttcataatgttaaaaaaaaaaaa 
aaaaaaaaa 



Figure 37 



abcd3, 1003 bases, 91F checksum. 

cttcagtttcattttcctgtgccctgtggtagttggaaacaaatcataat 
gtattatttaaatgtttaacatcattgcataacagcgtttattatacagt 
ggcagatttctttagctgccacagtaatactcattccttgtgtgtgtctt 
ggagtgcatttgactccaggaaaagccattttggttttccttaactaaat 
gataaatgtacccctctcagtctgcagtattgagttgtttaaagtatatg 
tgcagtcttgcttacaaggaggggttaccatgtatcacacctaatcttcc 
caatgtttgggatattaaaacacaaagtccttaacatgccaggctcaagg 
tcttataagagttctagatttttaagagaattagacaaatttgtgtgtgt 
tagaagcccattcattagaagtgtggtggttatttggtattaaactccaa 
atgagccataggaaggcactacatgaaataatgcactgagtatgcaatgc 
tatcactgtctttgactgtgattttatgtttaaaaagtatgttctaaaat 
tattatatatacatgggtgaattatgtttccgaggcactgttttatctct 
gtgaatcttgaataacttttttatatttgggttatgatgtcaaacgatcc 
taagcgaagatgatttcagttcatcaaatcatcattaatgactttatgta 
ttatttgcacagggagaattgaaactgagtataatcaataagctagatac 
gaaatcagtttctcaaactgagcttcagaaaggggcattttgtactcttg 
tttttgcataactggttttgtttttttgcagaattaactataacaatcac 
tggctaccgaagtaaactgatgtactgaattccataatacataacattca 
atttttaccacttctgtttagcgaacttgtatacttattttctgttcaga 
ttaaaaaaaaaaaaaaaaaaaactcagatatcctataaaaaaaaaaggaa 
ttc 



on 12/28/2004 



Figure 38 



abcd4, 1047 bases , 883 checksum. 

cttttggaaggagaaccacactgtggcgggtcggcggccctcaagagaca 
ccaggaggactgacagcgaagatcgagctcaggttcgccacatagatccc 
gtgcaggagccgcatgggtcctgtgcaggacccctagcagtggtgggctg 
agcccaggtctaggtttctgtgggggacattgaatctcccagtgttcagt 
ctcccaggactctgctgcctcagccagagcctccatatgcttgaagtgct 
gattacctacaaatgatttcagatcatgtttgctaaagagaaatctggaa 
gtgtgagatctgtaagaaatgaaagaaatgactcttggagtcaagagatc 
tggaaatcttttaatcagttaaattgtgcagcaatagatttttaacttta 
actgaccatttaagttttttaataagttttttacaaagaaaagttaaaca 
ttaaaaagaattacagctttctgtcttctctatcatggaatgattttttt 
tattgaatctccagatttgtatttgacagcttggtgggaagggaagcaca 
ctctgctgttctggaatcttatgcccagggtttttcacttctccccacat 
ctccctttccacttgccagtgttgtgtagttagaacctgaaccactaact 
tctaggggcctttggtctgccctaccttaacccaaatgaaagtaaatccc 
tttccccttagccaaaataaggttgggttttctaaaaaaatagtctatat 
tagggaacaacaacagcaaattagacaaaacccagaaagcacaaagcatg 
aggtggagttactgtgcccaaagtcctcactcagaccagtgcccctccag 
ttcagttgtctatgtattaccttccttaccttcataatgtttgccaggct 
tctgtacttctagtacttgagttacttaatatttttaaaaacaaaccttt 
taagtttaaatggatttttaagtgaaattttacacttaacatagatggaa 
agtaactaaaaataaatacaagaaaaacaaaaaaaaaaaaaaaaaaa 



rir1o#i hv II«5PTO from the IFW Emaae Database on 12/28/2004 



Figure 39 



abcel, 1648 bases, 22A0 checksum. 

gactctgagaatattgataagccatttattaaaaggagtatttactagaa 

ttttttgtcatataaaacttgaatcaggattttatgccccacatactctg 

gaacttgaagtataatatacttaatataacataaaaagccagttgggttc 

taaattgtagttgaaacacagaaaatgccacttttctgttcctgaagagg 

ctcttttgtgcataatattctaaaatgaagacatttcaagctatacaaat 

tacttccaagttttcatgatgtatgggaagattttcagtaggtgtattat 

attcacggtaccaaatgctgaccagtgttgctccattttttaaatcttga 

aaagggtttctgtacttacctggtttgccaagtatgccagtgtaatgaaa 

ctgcccttattttaaaagccagtcaaagattccactgattgacatttgat 

aaataaacatcaggattatgtttattgtttgttttcagtctttgcactat 

attaccagtatatggtttccgaggaagattatctactgcaaaacaccact 

gttggaaaaataggtatttttaaattgtttttaatccttttttggtgctt 

ttaaacatgtttaagcaaaaaccaattcagtccattccccgcaaaaaacc 

cctaactttactctgaactttttttgtttttgcattccatgaggttctgt 

attcagtcattctctaggtaatgtcatttttgtacacatatatttatata 

atcactgattgagatttaggaaaaagcatttctaaagaatatttgcttcc 

cttagaactacagactcgaaatctttaaagatggtgcctaagcatctatg 

tattttttttaagttccacagatttttctgttgggcaggccaaggattat 

aaaccacttccctaaaggcaacattaatgcaaaagtccccagatggcaat 

acaaagtatcccctggtaccacatatattcatttgtgagtttggatatag 

agcacattatctaaaccattttgtagttccaaaaacccatctaaatttct 

tgagttcctgaattttgaacaggattacctggagcctggagccactttaa 

gttgtacttctgactaaactggaattatgagtgaggaagagtgtttacta 

aataaatgactggggcaagcaaaattgaggaggaaattagaaactgtttg 

acaaactttaagagctacttgaaataacagaagtcttgattaatatgcaa 

ataatggctagaaagtatggtttaactggaccctattatgccttttaaaa 

ataatttcagtaacccataaatacatgttgtaaaaaattcaaatatacag 

aatggaataaaaaaatgatctccctttattaccctcccaaaggttaccag 

cgtttgaatttaataatgtatattctttcatgcttttttctgtgcactta 

cctaagtgtgaatatgtaaagggtttgttttgtatacaaatgggattata 

ctaaaataagtaatgcctatttttaaggataggttaaatttgtgaatgat 

catttcaaatatattgaataaaataagcaaaagctattgttatttactga 

tcctgaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



Figure 40 



abcfl, 1021 bases, 5A8 checksum. 

gcttcaacctgccctaccaggatgcccgcaagtgcctgggccgcttcggc 

ctggagagtcacgcccacaccatccagatctgcaaactctctggtggtca 

gaaggcgcgagttgtgtttgctgagctggcctgtcgggaacctgatgtcc 

tcatcttggacgagccaaccaataacctggacatagagtctattgatgct 

ctaggggaggccatcaatgaatacaagggtgctgtgatcgttgtcagcca 

tgatgcccgactcatcacagaaaccaattgccagctgtgggtggtggagg 

agcagagtgttagccaaatcgatggtgactttgaagactacaagcgggag 

gtgttggaggccctgggtgaagtcatggtcagccggccccgagagtgaag 

ctttccttcccagaagtctcccgagagacatatttgtgtggcctagaagt 

cctctgtggtctcccctcctctgaagactgcctctggcctgcagctgacc 

tggcaaccattcaggcacatgaaggtggagtgtgaccttgatgtgaccgg 

gatcccactctgattgcatccatttctctgaaagacttgtttgttctgct 

tctcttcatataactgagctggccttatccttggcatccccctaaacaaa 

caagaggtgaccaccttattgtgaggttccatccagccaagtttatgtgg 

cctattgtctcaggactctcatcactcagaagcctgcctctgatttaccc 

tacagcttcaggcccagctgccccccagtctttgggtggtgcfcgttcttt 

tctggtggatttaatgctgactcactggtacaaacagctgttgaagctca 

gagctggaggtgagcttctgaggcctttgccattatccagcccaagattt 

ggtgcctgcagcctcttgtctggttgaggacttggggcaggaaaggaatg 

ctgctgaacttgaatttccctttacaaggggaagaaataaaggaaaggag 

ttgctgccgaaaaaaaaaaaa 



i 

\rl^rl Kir I IQDTH frnm tho IFW ImariP Rntflha^P on 12/28/2004 ' 



Figure 41 



abcf2 / 1037 bases, 2DB checksum. 

cagagagggtcgtgagcgataagacactgtcattttatttcccaccatgt 
ggcaagatccctccacctgtcattatggtgcaaaatgtgagcttcaagta 
tacaaaagatgggccttgcatctacaataatctagaatttggaattgacc 
ttgacacacgagtggctctggtagggcccaatggagcagggaagtcaact 
cttctgaagctgctaactggagagctactacccacagatggcatgatccg 
aaaacactctcatgtcaagatagggcgttaccatcagcatttacaagagc 
agctggacttagatctctcacctttggagtacatgatgaagtgctaccca 
gagatcaaggagaaggaagaaatgaggaagatcattgggcgatacggtct 
cactgggaaacaacaggtgagcccaatccggaacttgtcagacgggcaga 
agtgccgagtgtgtctggcctggctggcctggcagaacccccacatgctc 
ttcctggatgaacccaccaatcacctggatatcgagaccatcgacgccct 
ggcagatgccatcaatgagtttgagggtggtatgatgctggtcagccatg 
acttcagactcattcagcaggttgcacaggaaatttgggtctgtgagaag 
cagacaatcaccaagtggcctggagacatcctggcttacaaggagcacct 
caagtccaagctggtggatgaggagccccagctcaccaagaggacccaca 
acgtgtgcaccctgacattggcatctctgccaaggccatgagcatcatga 
actcgtttgtaaacgacgtgtttgagcagctggcgtgtgaggctgcccgg 
ctggcccagtactcgggccggaccaccctgacatcccgagaagtccagac 
ggctgtgcgtctgctgctgcctggggagctggccaagcacgctgtgtctg 
agggcaccaaggctgtcaccaagtacaccagctccaagtgacccagggcc 
tgacaaaaataaagggtgaactgttaaaaaaaaaaaa 



rr\n\r nrr»viH^H hv II«5PTO from the 1FW Imaae Database on 12/28/2004 
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abcf3, 1191 bases, B58 checksum. 

gaatggactctaaagtaatgatacctgagtggtaggagtacaagcccttt 
ctaagttttctctgaacacatattactcgtgtaggaagttatttttttaa 
gtaataaatctagtctacctcatctcttctcccaggcctgagctgaagcc 
tgtggacaaggaatcagaggtcgtaatgaagttccctgatgggtttgaga 
agttctcgccgccaattctgcagctagatgaggtggatttctactacgat 
ctgaagcacgtcatcttcagtcgcctctctgtgtctgctgatctcgagtc 
tcgcatctgtgtggttggagagaatggggctgggaagtctaccatgctga 
agctgcttttgggggacctggcacctgttcggggcatcagacacgctcac 
aggaatctgaagattggctatttcagccagcaccatgtggagcagctgga 
cctaaacgtcagtgcttgtggaactgctggcacgcaagtttcctnggggc 
ggcctgaggaggagtaccgtcaccagctgggtcggtatggcatctccgga 
gaactggccatgcgtcctcttgccagcctgtctgggggccagaagagccg 
agtggcctttgctcagatgactattgccctgccccacttctacattctgg 
atgaacccacaaaccacctggacatggagaccattgaggctctgggccgt 
ngctncaacaatttcaggggtggtgtgattctggtgtcccacgatgagcg 
ctttatcaggctggtgtgccgggagttgtgggtatgcgaaggaggcggcg 
tcacccgtgtggaaggaggatttgaccagtaccgcgccctcctccaggga 
acagttccgccgcgaaggctttcctctagggccaccaggctgaggactcg 
ccccaggacatggactggtctctcagacccctgggccaccatgtaggcca 
ccantcccaggcnttggacttccccccaacttggggacagccttattccc 
aaatgtctctatccttttgactggagcatcttctgcacaaccttgggagc 
ccatccaagggttggtgaggactggtctcccgggggtgggggnttggggg 
gtacctctggggttatagattcccccactgccccagctctgactggaccc 
caagtggctgctatgtaaattaaatctctnaantngcgtct 



rnmr nmuirlnH h\r I IQPTD from the IFW Imarie Database on 12/28/2004 
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abcgl, 1050 bases, 18FB checksum. 

gcactgtgacatcgacgagacgtgccacttccagaagtcggaggccatcc 
tgcgggagctggacgtggaaaatgccaagctgtacctggacttcatcgta 
ctcgggattttcttcatctccctccgcctcattgcctatttggtcctcag 
gtacaaaatccgggcagagaggtaaaacacctgaatgccaggaaacagga 
agattagacactgtggccgagggcacgtctagaatcgaggaggcaagcct 
gtgcccgaccgacgacacagagactcttctgatccaacccctagaaccgc 
gttgggtttgtgggtgtctcgtgctcagccactctgcccagctgggttgg 
atcttctctccattcccctttctagctttaactaggaagatgtaggcaga 
ttggtggttttttttttttttttaacatacagaattttaaataccacaac 
tggggcagaatttaaagctgcaacacagctggtgatgagaggcttcctca 
gtccagtcgctccttagcaccaggcaccgtgggtcctggatggggaactg 
caagcagcctctcagctgatggctgcacagtcagatgtctggtggcagag 
agtccgagcatggagcgattccattttatgactgttgtttttcacatttt 
catctttctaaggtgtgtctcttttccaatgagaagtcatttttgcaagc 
caaaagtcgatcaatcgcattcattttaagaaattatacctttttagtac 
ttgctgaagaatgattcagggtaaatcacatactttgtttagagaggcga 
ggggtttaacccgagtcacccagctggtctcatacatagacagcacttgt 
gaaggattgaatgcaggttccaggtggagggaagacgtggacaccatctc 
cactgagccatgcagacatttttaaaagctatacacaaaattgtgagaag 
acattggccaactctttcaaagtctttctttttccacgtgcttcttattt 
taagcgaaatatattgtttgtttcttcctaaaaaaaaaaaaaaaaaaaaa 



r»«tw nmifi/lA/l Kw f I<5PTO from tho IFW Imnno n.i!nhnc;p nn 19/98/9004 
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abcg2, 1019 bases , 183A checksum. 

gaagccaaaggcagatgccttcttcgttatgatgtttacccttatgatgg 
tggcttattcagccagttccatggcactggccatagcagcaggtcagagt 
gtggtttctgtagcaacacttctcatgaccatctgttttgtgtttatgat 
gattttttcaggtctgttggtcaatctcacaaccattgcatcttggctgt 
catggcttcagtacttcagcattccacgatatggatttacggctttgcag 
cataatgaatttttgggacaaaacttctgcccaggactcaatgcaacagg 
aaacaatccttgtaactatgcaacatgtactggcgaagaatatttggtaa 
agcagggcatcgatctctcaccctggggcttgtggaagaatcacgtggcc 
ttggcttgtatgattgttattttcctcacaattgcctacctgaaattgtt 
atttcttaaaaaatattcttaaatttccccttaattcagtatgatttatc 
ctcacataaaaaagaagcactttgattgaagtattcaatcaagttttttt 
gttgttttctgttcccttgccatcacactgttgcacagcagcaattgttt 
taaagagatacatttttagaaatcacaacaaactgaattaaacatgaaag 
aacccaagacatcatgtatcgcatattagttaatctcctcagacagtaac 
catggggaagaaatctggtctaatttattaatctaaaaaaggagaattga 
attctggaaactcctgacaagttattactgtctctggcatttgtttcctc 
atctttaaaatgaataggtaggttagtagcccttcagtcttaatacttta 
tgatgctatggtttgccattatttaatatatgacaaatgtattaatgcta 
tactggaaatgtaaaattgaaaatatgttggaaaaaagattctgtcttat 
agggtaaaaaaagccaccggtgatagaaaaaaaatctttttgataagcac 
attaaagttaatagaactt 



rv>w«# nmwiHoH hu I IQPTO from the IFW Imaae Database on 12/28/2004 
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abcg4, 1022 bases, 19E9 checksum. 

tccacccctagaccctggctgacttggacaatctgccaggacagaagctg 
ggttttctgtctaggtcaccactcccaatcctggggattggagaggcctg 
gggctgtgggatgccccatccccctccccatcacctttggtgggggcagg 
gcctggtggcacctgtgcaataatgtctgtgtttctctcccacctgccac 
tggaactggagaatgcactttattctgggcggggggtgagtgggggaaga 
cccaaccctcctttctcgctgcccctaacgcatgcacggtctcgtgatgc 
tccctccctctccggagtgacaggcacatacatgagaacaggccatctca 
gccctacacacttgccatcccctacagcacagaggaagagtgatggtggc 
atgctggtggtggcgggtgctggtgggaggacagtgccaacctcctcctg 
gggatcccatgttggagactctaaggataaggctggtgctgcccagggtg 
tctacaggaactgcaggtgtctacccccaagtcttccctcctcccaagcc 
aggggtggcacagggcactagatccctggagttcaggaaccaacacaagc 
acaaccacgggcataagttggccttggccactgccacccacggccctcct 
tttgtgctccatgctggcatcttcactcccctaccccttccccagccact 
gctgctcattcaaacttctgtccatgtccctccactgttcctatcagcag 
gtggcccctgggcatcagaacagcctgccctgggcaccaggtggcagaca 
cactcagagcatgtctggctttcctggtgggtccaggctcattctgcttc 
tgatttcccctcccccagggctcattttccccctttttcctgtacacatc 
cctgtctacctcctctcaccctgccacagattcttcctatcacacaggga 
tgccagttgtatttgtgggatttcacccattattaataaaacctatattt 
atacagtaaaaaaaaaaaaaaa 



12/28/2004 
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abcgS, 1040 bases, 1A09 checksum. 

cttggtatcgtccaaaatccaaatatagtcaacagtgtagtggctctgct 
gtccattgcgggggtgcttgttggatctggattcctcagaaacatacaag 
aaatgcccattccttttaaaatcatcagttattttacattccaaaaatat 
tgcagtgagattcttgtagtcaatgagttctacggactgaatttcacttg 
tggcagctcaaatgtttctgtgacaactaatccaatgtgtgccttcactc 
aaggaattcaattcattgagaaaacctgcccaggtgcaacatctagattc 
acaatgaactttctgattttgtattcatttattccagctcttgtcatcct 
aggaatagttgttttcaaaataagggatcatctcattagcaggtagtgaa 
agccatggctgggaaaatggaagtgaagctgccgactgtgcatgactgct 
ctgaacgtctgaaatgagagtgccatgtatttctttcttgacaggacatc 
tcaagtcttttaaccattaagactccatttgtgcctcttggatccaagca 
ggccttgaatgcaatggaagtggtttatagtcccttgctcttacaacttg 
cagggacatgtggttatttggaaattgtgactgagcggacccaagaatgt 
aaataatattcataaacctatgggagactcgtgtgactattttttttcct 
tgttctaggcacagaaaaaaataggtcagcttaaaaatatgtttacattg 
gataaaggattaggcaaaaataaaatgtttcaaggattcctgaccataag 
tgacagagaaagagagttgtgggtttagatgaagcaaggttatcatgcag 
aattgggtaagaatgcttctgttcctggaagacccagagttaaatgcaga 
tgtccacacgaggggtcggagttacctgatcacatcgagagagtgctggg 
cagatggatggtgagcaccactgctacagagcacccagtgattttactga 
ggattaaaataaaaaaccgtaggaatgggctcaacagtga 



Figure 47 



abcg8, 1042 bases, 2284 checksum. 

tgacaggcgcagcagagagcaggaattggccaccagggagaaggctcagt 
cactcgcagccctgtttctagaaaaagtgcgtgacttagatgactttcta 
tggaaagcagagacgaaggatcttgacgaggacacctgtgtggaaagcag 
cgtgaccccactagacaccaactgcctcccgagtcctacgaagatgcctg 
gggcggtgcagcagtttacgacgctgatccgtcgtcagatttccaacgac 
ttccgagacctgcccaccctcctcatccatggggcggaggcctgtctgat 
gtcaatgaccatcggcttcctctattttggccatgggagcatccagctct 
ccttcatggatacagccgccctcttgttcatgatcggtgctctcatccct 
ttcaacgtcattctggatgtcatctccaaatgttactcagagagggcaat 
gctttactatgaactggaagacgggctgtacaccactggtccatatttct 
ttgccaagatcctcggggagcttccggagcactgtgcctacatcatcatc 
tacgggatgcccacctactggctggccaacctgaggccaggcctccagcc 
cttcctgctgcacttcctgctggtgtggctggtggtcttctgttgcagga 
ttatggccctggccgccgcggccctgctccccaccttccacatggcctcc 
ttcttcagcaatgccctctacaactccttctacctcgccgggggcttcat 
gataaacttgagcagcctgtggacagtgcccgcgtggatttccaaagtgt 
ccttcctgcggtggtgttttgaagggctgatgaagattcagttcagcaga 
agaacttataaaatgcctctcgggaacctcaccatcgcggtctcaggaga 
taaaatcctcagtgtcatggagctggactcgtaccctctctacgccatct 
acctcatcgtcattggcctcagcggtggcttcatggtcctgtactacgtg 
tccttaaggttcatcaaacagaaaccaagtcaagactggtga 
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Figure 54 
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Figure 55 
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